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4 S ON SPILLWAY DISCE 


= 


- anp Axpion Davis,t Mempers, Am. ‘Soc. 


i 
_ This paper describes rath r unusual made on 


supplemented by tests made on a laboratory in to determine 


ore accurate spillway ra rating ‘than h had formerly been available + and in order 


to make possible a final and precise ‘revision of the daily flow records of the 
Mississippi River at this point. olumes- of flow averaging about 4 000 sec-ft 
were ‘measured | in the | 80 ft. of spillway width nin lea than 


= Un nless one has attempted to measure water running 2 
not appreciate all ‘the difficulties attendant on an 
under a head of 11 ft. Special equipment was required | to handle 


Properly the stay-wires supporting the meters. . By this : means it. was “possibl 


to make about 150 -yelocity observations in each gauging, ‘fully exploring the 


entire _cross- -section up to within 0. 4 ft. of the spillway, edge. It was also 


- possible to ‘measure , all the ve vertical and horizontal angles o! of flow and to ) rate 


meters ‘80 as to ‘obtain results: that were accurate within 2 per cent. 


cide ‘ 
was found that opening | the gates adjacent to the spillway where 
wa ater r was being | measured, had very considerable effect. on ‘the discharge 


a 


"coefficients, Int the > formula, @ =C L Hi, the coeflicient, on for the ‘normal 


Sh operating headt of 10. 8 ft... varied from 3.7 “1, “when a single spillway was dis- 


a charging, up to 3. 90,. when | many spillways were discharging. The gaugings 
showed clearly that with a crest. unobstructed by piers, for a 10.8-ft 


Written discussion on this paper will be closed in May, 1929. 
aa Prof., _Hyar. Eng., Univ. of Iowa, Iowa City, lowa. S731 bitoq » 
Chf. Engr., Mississippi River Power Co., Keokuk, Iowa. 
x + $ Throughout this paper, H in this formula denotes the depth of the pond rene above 
the highest part of the crest, > 
4 i + 
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in n the Keokuk ‘Dam, notwithstanding the fact ‘that 
designing the was Tealized that the actual would probably 
be ‘considerably greater than 3. 33. The use of ‘the | new “spillway rating yields” 
flood flows that are in some cases 10% in excess of the former determination. — é 
_ The field measurements were followed by “a study of the behavior of a 
; oor model of three of the spillways built to. a scale o of one- -eleventh the s size of oa 
yw: es Keokuk Dam i in the Hydraulic Laboratory_o of the ‘State University of Towa. 3 
These experiments duplicated the results observed at the dam ‘itself ‘under 
normal conditions with remarkable reliability, and studies were made to deter 2 
mine the probable ow of the Keokuk ieee when discharging under 
abnormal pond levels, Wid. LO ATAU 
Experiments were performed its surface was both: 
smooth and rough, and with and without « fill of sediment up stream from the 
dam. It w that in n experimenting with such a large model, 
_ the relative amount of friction caused by the varying surface conditions of the 


Several pier r shapes differing from those | used at Keokuk were constructed 


on the model. Extending the pier nose up stream, or giving it a tapered form 
56 that it ; attained its full thickness a short distance down stream from the 


highest. part o of the ‘spillway crest, produced : a dam with a; greater discharge 
than that obtained with the Keokuk design. 


5 


‘History or THE CALIBRATION OF THE SPILLWAYS 


AS Both prior and subsequent to ) the actual construction - of the water power 
~ 

‘development, the engineers of the Mississippi River Power Company have 


“kept continuous records of daily flow at Keokuk, as well as at other points 


” ‘The flow record at Keokuk ‘subsequent to the construction of lhe dam ‘has 
with considerable accuracy by cal culating the discharge through 
the water turbines, and the quantity of surplus water discharged over the spill- 


ways. — Field measurements of the hydraulic efficiency of the various turbine 


“units were available. These served as a basis for accurate computations of 


“¢ Pond elevations taken every hour and a record of gate operations permit 


computation of the flow over the spillways by the use of a weir formula. The 


coefficients for this formula compensate properly for the nappe contrac- 
tions over the crest and : around the piers, however, must be determined defi- 


-nitely by measurements if an accurate record of discharge over the dam is 


Previous to 1924, coefficients had been used which were based partly on 
some early measurements made on the discharge through ‘sin, -spillways at 


times | when the pend level was maintained at an elevation of less than 5.28 ft. 
above the crest, and also or on a rating curve for Bee spillways, ‘Prepared. by 


DISCHARGE OF KEOKUK DAM [Papers is 
«coefficients <deveiloped by these measurements are in rather striking 
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Keokuk spillw ay is s 11 head ‘much in excess of that existing in any. 


| these tests, and much higher than had, existed i ir any, measurements 


picks 
For some time it was feared 1 that: in manner 


were’ too small for. use under heads as great. as 11 ft., perhaps to, the extent of. 


10%, but. no change was made from the original rating so that all records 
of daily flow would. be comparable. From the daily computations of flow | over 
a period of several years, and from current-meter measurements of flood . dis- 


Ty 


charge above and below, the. several fairly definite. wore, 


developed. It was. noted tha it ‘there, was a for the computed flow at 
Keokuk to be lower on 1 Sundays than during week days when. there had been. 

apparent change i in, natural flow, entering the pond. only. difference 
in Sunday « operation was that: more. water passed. over ‘the, spillways. and. less. 
through, ‘the water turbines than on contiguous) week days. Flood discharges. 
from. the ‘several measurements in the open. piven: invariably. indi-_ 
; cated a | higher flow than those computed from the records of plant and d spill- 
way operation. It ‘became evident that a new and. more nearly correct 1 rating 


B. of the spillways must be obtained if the ‘Keokuk records. were to represent the, 
true discharge | at that point, The tests described herein were. undertaken as. 


_ The co- operation of the engineers of the Hy draulic at the State 


University « of Iowa, was enlisted i in ‘obtaining the actual measurements of flow 
through the Keokuk spillways. The L Laboratory Staff w as interested in. ‘under- 


taking this work as a research problem not only | because of the value to the 


Engineering Profession of the actual field measurements of discharge « 0 er 


the Keokuk spillway, but also. because of the o opportunity afforded thereby to. 
make comparisons between the and the, of 


easurement 


of three sections of the spillway 


in the testing canal of the University of ‘Towa “Hydraulic 


- Laboratory, ‘and studies were made during the period from September 16 to 
| 


Before removing “the model ‘fro1 rom the testing flume, an investigation was 

made to compare the contraction effects of certain other forms of th 


Dp 
those of the Keokuk desig These experiments were performed during ‘the | 


— from November 19 1925, to May 5, 19 via 


SPILL 
_ The ‘actual dam consists of 119 spillway sections extending from he Til 


nois shore t to corner of the power r house. view of the spillway 


3 
is is shown i in ‘Each spil way section is 30 ft. wide with a ‘crest, about yok 


former natural stream bed. spillways- are separated by 
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pill- a, g Ott current meters in er the spillways were made 

the nappe above the crest 
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piers which are 6 ft. thick ‘with a cross-section at the ‘up-otaeald end i 
The cross- “section: of the spillway shown in’ Fig. ives the details 


s ‘up from 


the the indicated that thi Bed’ of the stream 


approaching ‘the dam is much higher’ than the natural» ‘stream bed at these 
points. This'is due in some cases to coffer- dam material left in place and, in _ 
other © “eases, to natural sedimentation. | In the twelve years since’ ‘the con- 


iL 


‘struction | of the dani, ‘there has been considerable silting in front of those 
gates t that are operated very infrequently and where “dea water” exists nearly 


+ Il the time.’ Tn front of the gates that are ‘operated more frequently, how- 


which is’ a view of the up- face of ‘the’ dam, shows the well- 


d 
rounded approach to ‘the: crest ‘of ‘the’ spillway: Extending’ from the conérete 
crest upward there is a slot 21 in. wide and 14 in. ‘deep in the face of each 
pier, in “which steel gates, 11 ft. high and 82 ft. wide, | are operated. ‘ The water — 


4 level behind ‘the dam is ‘diaintaiiied: a at all times dose’ to the top ‘of the gate — 
which is about 11 ft) above the crest of the dam. The steel g gates, which ate of ; 
he plain sliding ‘variety ‘without rollers, are. finished on the bottom with ao 


imber sill which makes the water seal against the carefully finished concrete “a 


t of the dam mn. The ga’ tes are raised by ele ctrically operated traveling = 


“cranes, and are always lifted clear of water surface, so that a spillway 


to its full ‘capacity. ‘What little leakage there ‘is when | a gate is 
wered, is cut’ off effectively by 's a few shovelfuls of cinders, when the leakage } 3 


The spillways: are numbered in order from the Illinois ‘toward the 
power house. “The discharge measurements ‘were ‘made on Spillways Nos. 68 
and 108. Spillway No. 68 was ‘chosen as -tepresentative of those neat the 


venter ‘of the ‘dam, and No. 108 was selected from among those nearer "the 

power house where the. pond is deeper. 


After: a careful study had been made of the various possible methods of 
accurately. measuring the discharge through the spillway, it was decided to 
operate current meters: in the nappe as it flowed over the crest of the dam. 4 
t. 


It w was, appreciated, however, that, stream. would be ft 


meter practice; fila 

Non- rigid 


measures the ‘normal: component of currents more accurately than 


other types, ‘but also because ‘the bearing at the end of its. horizontal axis” is 
cap le of king the strong horizontal thirst ced by: these high veloci 
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-STREAM FACE OF KEOKUK SPitiway BEFORE ‘PonpD Was 


| 

1.—View or KEoKvuK SPILLWay FROM POWER pe 
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wares Sartece 


BOTTOM OF POND 


i 
ORHANDLING CURRENT METER 


de & bor. bu bots 


3 


atagian botaiy 


A Price meter w was used n one attempt to measure } the velocities | 
all the v way through ‘the nappe tb the > crest, but ¢ 


on the ‘pivot point and 


shaft n high velocities, 


4 


economical and the safest place for measurement, but to hold a meter steadily 
: against the forces encountered when the water flowed un under 11 ft. of head 
proved t to be no ‘small task. © A 1-in. a. pipe with a fulcrum 4 ‘ft. ¢ above the wi water 
could: be immersed only 8 ft. before it was permanently bent. a 2-in. 

pipe was tried with | a similar fulcrum, it could be lowered but 6 ft. before 
permanent deflection occurred. 1. It proved absolutely impossible to force these | 


“rods to the crést of the spillway through the sheet of ‘moving water. 


After considerable. deliberation, it was decided to hold 

the lower end of the rod in position by ‘Means | of. a stay-wire attached to an 

adjustable and movable Re up stream from dam. It 
as bull 


Equipm A fra nework made of pipe was: attached 
o one of the two traveling cranes which are used to raise and lower the spill- 


“way gates. yi Figs. 3 and 4 show the details of the | design of this framework 
oR and its relation | to the ‘metering ‘operations. 


spillway, and the outer ‘end of the lower the framew to which 
the -line was be: lowered or raised to any de ired 


3 
shortened as By proper of the position ‘of the 


a location of the swinging ‘pipe frame, and the length of the stay-wire, the — 
fe rod could be kept in . perfect vertical ‘alignment i in the m metering ‘section. 


meters v “were attached to the bottom of steel rods, 23.5 ft. 


were ¢ either 1 or 1. 25 in. . in diameter, depending on a which meter was in use. + 


‘The s stay- -wires were re connected to the rod by collars inside of which ‘the rod 


was” s free to o rotate. - However, the rods were. provided with keys to keep ‘the 


‘meters and handles from rotating about the shaft, The meters were 
raised and lowered with ‘the rod by. hand or with: ‘the aid of a pulley and rope. 
to. the» frame of the crane. ‘meters and rods could be lowered 


_ into position by ‘passing: them through ‘the 5- “in. space | between t the down- 
stream . side of the gate and the up-stream face of the concrete deck of the 


Guides: at the: top and bottom of the gate were used to p ‘the rod 
designated verticals in 1 in the ‘measuring 8 section. 
f Current Meters—Three meters of the Ott type were used ii in making the q 
different ‘measurements, although the equipment permitted the operation 


Z but one meter at a time. (See : Fig. 5.) Most of ‘the work was done with a : 
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‘small Ott (No. 2908), which ind a 1 propeller with tw two Soon after 


the work started, this meter was equipped with a special tail-y -piece »anda guard 
: ) protect it against striking’ the face of the concrete pier. W ith this instru- 
“ment it was possible to’ make velocity measurements within 0. 4 ft. of the side 


of the spillway: A’ steel ‘104, 1i in. ‘in diameter, was used and this whole « equip- 


“merit ‘seemed ¢ easier to handle and keep under control than that used with the 


Mensing-Ott ‘meter (No. 3246)’ was “used with a ‘propeller, 
and also with a 2-blade propeller. “With the 3-blade propeller it had character- 
_isties in ‘mea uring angul ar currents which were perior to the others, but 


“because of the wheel it was lowered v with ‘difficulty in the’ small space between 


“the ‘back’ of’ the gate and the oe deck’ of ‘the dam, and because of the ne 


larger rod ‘was not as easily handled in the swiftly moving water - as the 


smaller meter. It did not prove practical to make measurements 
ft. from the pie with ‘t 1e larger meter because of the danger of “the rod 
oF Oto size ont lone te ont 998 10 
 Sosisiag unmanageable i in moving from one section to another in the ‘oblique 


current and striking the pier. At one time, when’ the rod got out of control, 
the ‘meter struck the pier, “but the “propeller escaped damage because of the aa 
OW VOU ROLE 


‘recess at the slot. When ‘the larger meter was used, the part of the 


‘charge nearer to the piers: than 2 ft. was ‘measured with the meter pro- 
vided with a steel guard. TO soley Reis 9910} 


While the “vertical rod held the meter at all times, 


se no attempt was made ‘to eer th e meter axis in a line perpen icular to the 
measuring section. The meters were supplied. ‘with. longer tail- -pieces than 


are ordinarily used, and were allowed ‘to swing ve the thread of the current. 
Through: ghout, t the major part of | the spillway the vertical plane through he 
thread of the current was perpendicular ‘to the ‘metering section, but near the 


there was considerable contraction. of the nappe “with resultant oblique 
pow." The horizonta angle assumed by the meter axis was measured for & every 


yg at be ane. 
in o der to correct the ‘velocity measurements: for ‘this deflection 


handle clamped firmly to, “the rod near its upper end the | necessary 


h ‘experimentation done with forn rms “of aia 


methods ‘of attaching: tot meter rod. four different 
occasions the piano wires e despite he care t taken in heir preparatio. 


Once, when’ “the lake ‘rough, “the twist on ‘the: meter tod beean 


aico of IS 


Severe shea ear off the screws holding the key in place. 
first “three days of the’ tests the bending of the rods was a dail 


Tn every case of trouble, however, the man operating | the rod was quick en 


‘to prevent losing or seriously damaging any of the equipment, Heuia.4 


ee The strain of operating the small mi eter in thé high ‘velocities was 80 great 


the tests it proved necessary to make a new steel ‘shaft for this 

instrument due ‘to ‘the excessive weat that had taken place in the ball races 


dake seial device was “constructed to measure the, vertical as well as th 

‘angle: of the curtent in the nap It “was operated “from the up 


streaii sidé gate a ‘onstrated that the center of the tail-piece 
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ong pees was about in. down. the 1- -in. pipe which sup- 
ite) up- -stream: end of the tail- -piece was pinned to a -in., rod 


the top. All the vane were down given. stream-— 
) offer the least resistance to, flow. Handles for operating the 
“equipment were screwed to the tee. The pivot point was located so that, the 


weight. of the tail- -piece balanced the weight of the 8-i -in. iron rod. i The, stay- 


wires were connected to the pipe in a manner which left. it free to rotate. 
_ Horizontal angles were indicated by the angle which the handles made- with | 


Jit 


face gate; the vertical displacement of the #-in, rod. through the 
tee at the: op gave the data required to compute sine of the vertion angle 


of the jaa The equipment was very rugged, ut, nevertheless, dependable 

ar Rating of Current M eters. —During the tests 1 the water attained velocities | 

_of 18 to 26 ft. per sec. and struck the meter at angles with the axis of 0 to 22 


- degrees. _ It was impossible to secure ratings in . velocities as. high as most of 


those encountered, but after a survey of the possibilities at various ratin ng sta- 


tions, the meters were sent to th e Uz . Bureau of Standards where. t hey were 


calibrated in . velocities. as high as 16 ft. per sec. Since - the bearing Stee 


_ becomes: a negligible force at high velocities of flow, ‘the ratin curves fo for all 
meters” were straight lines at velocities greater than 2.5, per ‘sec. 


were thus extended t to give | the. rating throughout the range ‘of velociti 


The meters were rated ‘both efore and immediately following 
the measurements at Keokuk. a special rating ‘of Meter No. 2908 was made 


with the guard mounted on the meter frame. | While no part. of this guard 
was within 2 in. of the propeller, this obstruction ‘behind the wheel retarded 


_ The meters. were also. rated with | the water approaching the propeller at 


VO 
horizontal and vertical ‘angles. These ratings showed little ifs any difference 


; in the registration, with, currents approaching at the same angles from various 


In streams of great obliquity the three Ott meters und r- Tegistered 


F the axial ‘component of the currents by. different amounts, t e 3 slede meter 


having by far the best characteristics. Fig. 6 gives the amount ‘of the under- 


Tegistration in currents high velocity, as obtained from the rati at 
various angles. In other words, it shows the correction (in percentage) to de 


added. to, the measured yelocity in: order to obtain the actual "component of 
velocity. “along the axis of, the meter. meters, used Fated the 
U. Bureau of Standards. during April and J une,.1 924. 


Discharge Measurements.— -Three discharge measurements (Tests. 2, and 
(8 » UD Table 1), were made when the spillway | being metered was remotely i iso- ’ 


‘lated from others that were open. Column (4) of Table 1 gives the location 


Tests 3 to inclusive, were performed on Spillway. No. 68 in or 
“determi ine the effec of the, of spillways on the 


h t e spl way under, test. Thus, in Test 3, djacent spill 
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No. 60, was open. In In Tests: 4 and 5, one spillway on’ each side of No. 68 


was | opened. These two tests were performed ‘under exactly the same spil 


uy 


way conditions, but with different meters, in ordér to check the accuracy 


of this work; ‘also, because parts of Test 4 were performed. on different 
days, it was thought desirable to repeat this, test, continuou 


open, and in Test 7 the measurements were made on | No. 68 when operating 


In Test 6, the spillway observed was the end one of a series of five that were 


as the center r spillway | of a series of se seven which were discharging” fully. 


Added 
(In 


5 ection to be 
Measured Velocity 


orr 


Individual» ‘measurements adequate in number location to 


determine definitely ‘the vertical variation in . speed of current were taken in 


vertical lines 1 located at the Pate nee, in feet, from the side of the 
spillway: 

The measured | at t points 1: ft. apart 


nted was ‘generally 80 and 60 sec. 2 


~The ) section in which the metering ‘was = proved to be an ideal « 


respects. The being accelerated as it passed over the 


with remarkable uniformity in smooth stream lines” and was free fro 
characteristic ‘pulsations velocity and annoying vortices which 80 


ace mpany the phenomeno of flow i in other channels, — Many checks of obs r- 


vations were made at certain points after. short: lapses” of time, with the inva- 


viable result of duplicatin ng t the previous readings exactly or within slight 
differences of not more than a fraction of a second. The variation i in velocity 


from the water s surface to the crest also remarkably uniform. In m 
verticals, a Tong section of f the velocity. curve was almost a straight lin 


insured the determination of this curve to a a high degree of accuracy. ‘i 
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ons of the s 
‘the nappe at. the section 


2 he meter operating determined at each vertical by, taking 


rod reading with the propeller, ‘at, the water. surface, As a check on.these 
readings the, surface was, also measured with: a steel tape, vat. vunder 


- both.the up- stream and the down-stream side of the gate before. and after eack 
discharge measurement. T 


shown in Fig. the metering section being midway the other 
times a little wind there. was no difficulty in’ determining the. wate 

surface of the nappe. at, the point.of ‘measurement within a few hundredths of 
foot, and. -under no condition, were there. surface waves of sufficient magni- 


tude to. render this, ent uncertain by as 5% of the total 


depth odT ig 1 od} mort J} mae hoviseda anv 


tat a T Mai idly sontiue a 


Water Surface Elevation 
at Upstream Side of Gate 


Water Surface Elevation 
at Downstream Side of Gate 


eu ‘Fic 7.—Horiz NTAL ANGLE OF ‘CURRENTS ‘OBTAINED DURING TEST 


Pond- W ater Level Measurements.—As 3 to 9 hours were required 


w single, ‘measurement of discharge it was fortunate that the was. 


difference in. pond level. of. 0.35, ft. occurred during Test 5,. ‘but the average 
‘maximum for the eight tests was one-t e-half this difference. Fable, 1. 


i 
"Bae 
— 
— 
by Gurley printing water-stage registers located on Piers No, ,30.and 


No 90 and close to Pier No. 119. in! ‘addition, cw water level at pointe nea 
certain closed ‘spillways between the two recording ‘gauges were read with 
tape and weight in order to detect the amount of depression in the pond-water 
 stirface approaching the open” spillways under how 
Obliquity of Currents ‘in’ N appe.—Using the current’ direction”: 
ie measurements of the vertical as well as the horizontal angle of the current | 
were made in connection with Test 8 ‘on Spillway_ No. 103 discharging alotie. 
"These ‘Yeadings were ‘then ‘repeated on this same ‘spillway ‘(as 9) with 


‘the ‘Tappe greatly contracted | on one side, caused by the ‘opening ‘of Spillwaye 


he ‘current meter work nd at intervals of 1 ft. in 
» the mi maximum horizontal angle of ‘approach of the’ 
30’ was observed at the ‘surface 3. 5 ft. from the pier. The horizontal 
angles observed at other points are shown graphically i in Fig. 
a A large « ; contraction of | the nappe around Pier No. 102 existed i in Test 9, 
sé giving a maximum horizontal approach of the current equ equal to 22° 10 ‘at the | 
water surface 7 ft. from this pier. horizontal angles observed at other 
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on 


Elevation in 
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HORIZONTAL ANGLE OF 9.—AVERAGE VERTICAL ANGLE 
DURING TEsT 9. CURRENTS AT VARIOUS ELE- 


: The vertical angles at which the elect approached the metering section 
were: remarkably constant atag given 1 elevation. above the ‘spillway crest. “The 
9 average results from the observations in Tests 8 and 9 are shown in Fig: 9. 
Only twelve of the -Teadings in “Tests | 8 and 9 gave values which were 


more’ than 3' from this curve, ‘and in no. ‘ease there a departure ‘of more 
ie 


ay tha n 5 degrees. | ‘This average cured: was used as the basis for all computations 


‘evaluation of the angle of approach of the toward 
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SPILLWAY DISCHARGE OF, KEOKUK 


‘Actual and Normal ren vt 


rigidly on a vertical rod ‘that was free to swing with the current, registered 
the component of ‘the stream velocity in ‘the “horizontal plane passing 
through the meter. the vertical angle of ‘approach was significant, even 


value of this ‘component was under~ “registered hy the Ott meter. The treat 


These ratings were re made ‘with Meter No. 2908 at Station 93.0. 


rod free | to swing - about its vertical axis 80 that 
‘the neater axis lay within. a vertinal plane passing through the thread of the 
; current with the located Point Oi in a Fig. 10. In measuring the 


gistered ite. OB, vertically into the horizontal plan 
"passing ‘through 1 the axis of the meter. The ratings s showed ‘that. as a matte 
of fact the Ott meters sometimes under-registered this ‘component, | obtaining 
value, 0 D, which is less than OB. ms Tt was necessary, therefore, to cor- 


¢ 
§ some measured velocities by applying th th e small u under- “registration factors 
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tabulated: in’ Column’ (2). "tthe « ‘component of the Stream velogity which’ was 

perpendicular to the gauging section is O A \(Oolumn’ (18) y, | was: obtained 

by” multiplying’ the horizontal velocity, O B (Column (7)), by the cosine of 


the horizontal angle, the sine of which “was t 


whieh the measured. odd fuga 


sont anoijoos oqge 


at 


| 19193 


5 1909. 


On| 16.83 524.88 


68 Large 2 Blade Ott 


‘Small Guarded 


20. 

; 


from ‘the meter measurements in ‘a vertical line 23 ft, 
Pier No. 103 in Spillway No. 103 during Test 8. od The results sof all observa 
- tions in aileh: test | ‘were computed in this manner, and from such tables, curves _ 
plotted showing the distribution: of velocities: in the different: vertical 
Such ‘curves are ‘shown Fig. The average. velocity in each 
vertical obtained ‘by applying Simpson’ n’s to twenty equally i spaced 


on each ‘vertical velocity curve. The values ‘of: “mean velocity thus 


variation obtained, including’ tests w 
‘otily ‘17 per cent 


izontal component, O B, — 
multiplying the hori 


of seven open spillways. . 


lepth of. the ) nappe a and. current velocities in the middle half of the spillway, 


but the pier contractions caused a * rapid decrease in. depth at points closer 


discharge of) the spillway was computed from the data ‘on: average 
and nappe. depth in manner, commonly 1 used in. ‘stream measure- 


While the were relatively y small and the average 


of that recorded at the east ; gauge checked very well. with that recorded at 


the west ‘gauge, pond level readings were weighted i in proportion to the 


hace 


tity of water being measured in obtaining ‘the. Average 
Level” given in Column (11) of Table 


‘The discharge coefficients given in Column (19), Table 1 , verified the 


earlier belief that Ga cenlikeate used in the design of the dam were conserv- 
itive by at least 10 per cent. 2 _ Under normal operating conditions, the correct 


weir coefficients varied from minimum values close to 3. 71 to maximum values | 


of 3.90, depending on the character of ‘the | operation of the gates. — 
shows that the resulting coefficients re quite consistent. 

—Companisow or WER | 


of coefficients obtained in Tests 1 and 2 on 
_ Spillway No. 68 and Test 8 on Spillway No. 103. 
‘Middle: of three be spillways.--| | 3. _ |Average of coefficients obtained in Tests 4 and 5 on 
: |Qoefficient obtained in Test 7. 
End gate of two open spillways . 8.74  |Ooefficient obtained in Test2. 
‘End gate of five open spillways...) 3-72, Coefficient obtained in Test 6. 


capacity of a spillway operating at the center of a larger” 
group, while the end spillways of such | group have ‘such se severe contractions 
around the end | pier that they discharge very little ‘more water than a single» 
Contraction of, the . N appe Around the Piers.—The piers reduced. the dis- 
i charge of water to a greater extent than that by which the area of unobstructed 
_ spillway was reduced by the concrete in the piers themselves. The weir ene ; 
tion remote. from p pier influence at the center of the nappe, in those 
which the nappe was symmetrical. The reduction in 
the lateral. contraction of of. the nappe as it passes around the piers with 


one ‘spillway oy open is more than twice that observed with many spillways. open. 


The form of the water surface of he, at the ‘metering section which 
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a 
balanced surface curves in the o other — There was less con raction in the é 
nappe of Test 7 with many gates open than in Tests 2 and 8 on a single open sm 


spillway. The deeper pond near ¢ the power- -house end of the dam seemed to 


produce a slight difference in the nappe contraction at the two sides of the ; 


TABLE m Wem Cozrricrents. 


Middle of three open spillways...|_ 
Middle of seven epillways... 


Distribution of Velocities Within the Nappe.—The contours in ‘Figs. 12 


“and 18 and i in similar curves drawn for all the tests ts show the actual velocity 
the water which was me measured throughout the n nappe, _ The ‘velocity 
velocity i in n the metering section regardless ‘of of flow. 
MAS study of these | curves discloses the following significant facts with 1 regard» 


A 3 ( 
the behavior of the water as it passes over the spillway: 


Throughout th the center of the spillway 1 there is 


_ uniformity in the velocity at a given depth: ‘below the pond level. _ 

(2) The velocities increase from a minimum at the water 
_ to maximum values which are only a few tenths-of a foot above the 
- erest, there being but relatively little retardation at ‘this point due to. 


Cam. 2 Higher velocities than those existing in the center of the) spill- 
‘way are encountered a few feet from the pier faces where the rx nappe is 
_~ formed by the water which is turning the bend around the pier nose. 
i Ths increased velocity exists from the top to the bottom of the nappe 
: as indicated by the elevation of the contours as the sides of the spill- 
(4) Those. tests in which meters were. operated close to ‘the ‘pier 
Me faces show a small stream of slowly “moving water at the crest in n the 
outside corners, indicating that the water followed with difficulty, 


ih makin comparisons between t the se several tests and various parts of the Pe 


ame spillway, cognizance ‘should be taken of the fact that slight differences 
bee pond level which existed at t. ; the time of mi measurement in a given section : 
3 may-be responsible for. small variations in contour position. 
a It is scarcely possible, from these figures” based on ‘on slightly g cond 
tions, to the in Fig. 14. In plotting this 


faa velocity readings taken at the middle of the spillway have been 


reduced to ths values such as would have existed with a uniform 


Ae progressive increase ir in the number of open 


Papers. SPILLWAY DISCHARGE OF KEOKUK DAM 35 
ag 7 
loser — 
ween 
way. 
rage 
sure- 
ta. 
rage 
juan- 
serv- 
rrect 
- 
— 
4 
| 
d5on : | 
| 
— 
rease 
tions» 
ingle 
ingle 
icted 
; 
is in 
d by 
only 
pen. 
the 
on a 
ways seems: accompanied Dy a progressive increase im the veloci 


| 


Pond Water Surtace 


a 


IN 
aj 


Water Surface of 


ANDINA 


TAU 


MBER6 along Spillway Crest jn 

12—AcTUAL V CONTOURS, IN FEET PER S 
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he ‘larger: discharge coefficients with | the greater number of “open 


round the piers, » butii may also ‘be produced by. the higher velocities within the 
ppe itself when water is being drawn from a larger area in the ‘pond, aequir- 
ng some initial velocity before: reaching the spillway. This inc increase in velocity 
must ‘be accompanied by a corresponding decrease in the ] pressure within the 
‘nappe: Conside ring the fact that. the. axis representing zero velocity 
istiance to the “left of the diagram, difference in n velocities is really of 


small | consequence, hardly exceeding 5 per cent. ote 


== 


Fic. 13.—A CTUA 


may that by. -the- from the to > this 

point. This” excess, although small indeed, ‘was “observed it many ‘instances. 
may be ‘created ‘by the. friction of of the lower ‘filaments: the n: nappe upor 


the slower ‘moving filaments at ‘the surface. It is : possible, however, that this x 
phenomenon may have been caused by an initial wind ‘surface current, or a 


tendeney on’ part of t the meter to over- T-register: near the ‘water surface, 


‘The higher nappe velocities the piers result: from 


the interior of ‘the nappe, but even at these places the maximum napp veloe- 
ities did not attain would exist if the interior “nappe "pressure 


— 
4 

-| 
— 

Be 


a the platform of the crane. e. Contours 
of the bed of the ‘pond ‘are shown in Fig. 15 and: profiles at certain sections 
_ are shown i in connection with Fig. 3. There is evidence of sedimentation on 


% 


top of the irregular deposit of: construction materials ahead of. most of the 
_ spillways, although all this material was at least 7 ft. below: the ) crest. of 
spillways under investigation. The hature of the stream bed ahead of 


Spillway No. 108 was obviously r¢ responsible for the e slightly unbalanced form 


of the ns nappe cross-section: Test 


Bi tow Pond Level 


Average of est 
number 1 and Number 


+ 


18 

Fig. 14 -—-CURVES oF ACTUAL ‘VELOCITY, STATION 15, KEOKUK SPILLWAY 


Surface. Drop Near Open. Spillway- y- —Water surface elevations | were taken 
n the immediate vicinity of Spillway No. 94 when ‘discharging. alone with no 
closely, adjacent spillways. open, in order to. show accurately the shape. of the 

_ depression of the 1 water surface » within 25 ft. of an. open spillway. | The result 
3 shown by the contours in Fig. 16. Iti is interesting to. note the change from 


“convex to concave contour as the ‘nappe ‘passes ‘over the pillway. This 
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‘Observations which ‘were eorrect within 0.02 ‘were probably: 
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fe oily: risy 
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levation 51 
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SPILLWAY 69 SPILLWAY 68) 
“Accuracy of Work. —The agreement of the various tests which were re- 


> of 
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foie 
ing 

— 
lt Bey 
from 
This 


result- 
Sie ing in the more or less awkward and experimental handling of the equipment, 


if a its result, departs 2.1% from Test 2 performed on the same gate with the same 
meter, and under the same conditions. ‘Test 8 differs only 0.8% from Test 2, 
although it was performed on a different ‘spillway with h a different meter, but 
under similar operating conditions. _ Test 5, a repetition of Test 4, performed ; 
ith different meters, gave a 4 result. agreeing with Test : 4 wi within 0. 1p per cent. 
Mention has already been made of the ideal stream- tine flow existing 
‘ba. e metering section which 1 enabled the repetition of velocity readings at a 
given point with almost exact duplication. Int six instances the observations | 
5 ‘of the velocities existing in certain vertical lines were repeated with tk the same 
"spillway operating hours or days, ys of intermission. In 
ease did the point velocities ata given level differ those previously 
btained by more than 5%» nor in ‘most cases more than 2 per cent. ' ‘The 
agreement of the average ofthe velocities in the vertical lines was much 
Extreme of variation are presented in Fig. 11, 
vertical velocity cu curves. taken. the middle station with four different 
: meters | on three ‘different spillways when they were discharging independently 
Wee of o ners, It i is ‘not to ‘be expected that the curves for ' different spillways with 
differing: depths ‘of approach and crest conditions have exactly the same form; 
_ but considering th the location of the axis of zero velocity. it must be admitted 


the” difference ‘is remarkably small. 
tion in the. ertica velocity | obtained from ‘these curves is | 


A ‘consideration of every 


charges computed from the | data. obtained in these | tests may ye dons re 
reliable. within a “possible « error -of per. cent. 


BOT 


_ The possibility of determining | the proper discl large coe ficients — for the 
<eokuk spillways by means of small- -seale le experiments ona “model of of the dam 
s $ suggested before the field « experiments 's at Keokuk were started. The model 


tests involved only one- sixth the expense of the full seale experiments, and ‘ 


studies under Varying heads could be made easily on ‘the: model while operat: 
ing conditions at ‘Keokuk required the maintenance of a constant ‘pond level. 
In. the minds of ‘many, however, such small scale tests are ‘unconvineing, In 
order, ‘therefore, to. test. the e reliability of model experiments it was decided 
at the | outset to attempt the calibration of the Keokuk. spillway by. - measure- 
ments s made both on the actual spillways avd on a model of f them. / The canals 
of the Hydraulic Laboratory 0 of the State U niversity of Iowa were not. avail- 
able for: this work immediately ¢ after the comp completion of the measurements at 
Keokuk; ; hence the model tests were not not Performed September and 
Le Description of the Model.— —A model of three spillway of Keo- 
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OF KEOKUK 


tea 
section wf ‘which is showsl in 1 Fig. 3. Great care 


duplicating ex: exactly to . scale the form o of the crest, and the s shape and spacing 
of the ‘piers. The’ wood which was chiefly redwood, owas 


papered toa ‘smooth’ finish for use in the early experiments, 


| ‘ot it was given, successively, a smoother finish with shellac and a 


‘The ‘model was erected 80 ‘ft. from the entrance to He: 10 


"testing. - canal of the laboratory. . The three spillways with two. full piers and 
two half piers: at the canal sides “occupied the full width of ] the canal exactly. 


‘The water for ‘the canal was supplied sfrom pond on the. River 


‘shove: dhe: University Dan The 1 river. furnished 2 an unlimited, q antity of 
water for these experiments (an average } flow of 1.500 cu. ft.. per sec. ). Baffles. 

in the canal a few feet down stream from the head- -gates thoroughly diffused is 
stream filaments. before they down the channel toward the mode el, 


it had 50, ft. in a 
“crested, rectangular weir at t the. down- The weir and basin 
wide and ft. deep b below the crest 


Views of the. stream and down-stream faces the model | are shown 
‘inl Figs. 17 and The spillway sections are 2. 127 ‘ft. wide, corresponding 
the 30-ft. width of the spillway at Keokuk. ater passing over the model. 


4 spillways at a ‘depth of 1. ft. duplicated the , normal condition a at Keokuk \ with 


lake elevation of 525 ft., 11-ft. above the spillway crest. Srainen 6 od ot hotbed 


s mp of the was ‘provided with a a gate, 80 80 that experiments 


on the Model. —The primary objective 
model ‘experiments was to obtain values of discharge coefficients. under 
‘similar to those which the Keokuk 


by taking ten to twenty re ona 
level in a stilling- -well connected to the 10 stream 
the L ikewise, the quantity of water | passing ‘over the model dur 
ing each test was ‘measured by observing the head on the weir as indicated by 


a hook- “gauge operating over a stilling-well connected t to the weir channel 16 ft. 


+ 


from ‘the weir. Ten to twenty readings were secured durir ng eack 
and: average was in the ‘Bazin w weir formula in -eomputing the 
were ‘made and | levels taken, daily 


on 1 both. the weir and. model in orde er to 
jetect. the slight. variations which. change in temperatt ure and 
ditions, produce on. such apparatus. 


The model was tested with all three gates in opera ion x trong 
water level above the crest which. varied from 0.4 ft. to 
to ariatio 5 ft, at Keokuk. Other experiments 
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ere opened’ with the pillway -. 


charging under a head dlose to the normal head of 1 ft te ot clas of antidgyilagph 
these tests the model operated under the following conditions: 


—Planed wood on “model ‘duplicating ‘Fig. 2 with no deposit 
2.—Planed wood surface on model with a deposit of sand. agains 
the dam duplicating the field conditions ahead of Spillway No. 68 as 

shown by the contours in Fig. 
finish on the model ‘with. the deposit ahead of ‘the dam. 


were ‘made | to the ‘distribution within nappe when the 


model w “was being operated u ander conditions ‘similar to those existing during 
used for this purpose. ’ 
1 ¢ onder to 
way with t the Dam, during of ‘the 
measurements of the surface of the - nappe “were obtained across the section 
gorresponding to that in which the meters were operated at Keokuk, 


Experiments on Effect of Condition of Model on Discharge.—In puilding 
a model of the concrete spillways at Keokuk, the actual roughness» of the 
probably should be scaled down according to some ratio as well 
the dam ‘itself. Since the surface of the concrete in ‘the full- sized 


appeared to be remarkably regular for this class of work, it was thought that 
the surface of the model | should be a at least as smooth as wood could be planed. ‘ 


Accordingly, ‘the first series of experiments were performed on the planed and 
sand- -papered ‘model as constructed in the canal with | no surfacing of 
kind. The resulting coefficients when the water was passed over ‘all three 


spillways are shown by the points in Fig. 19 which define Curve 1. gh det 
A deposit. of sand was next placed above the dam in an attempt to dup li- 
cate that existing above the Keokuk ‘Spill ways Nos. 67, 68, and 69, "where thous 


of the field’ measurements were made. Small stakes were cut to proper length 


and fastened at points corresponding to those places where the soundings had 


pews taken for the preparation of Fi rig. 15. sand was then packed 


between ‘the tops of the sticks, leaving them barely ‘exposed. ‘sand 
further compacted by inundation in passing water over the. dam, and its 


urface remodeled until it was firm enough so that but little ; ‘alteration ’ of its 
contour was eaused by further: inundation or experimentation. ‘The results 


Aus 


from this ‘series of experiments are shown by points: defining the position of 


of For | all heads on the ‘model above 0. 63 ‘ft. ‘the depouiy'e of silt seem ed to have > 
‘caused : a lowering in the ‘discharge of the three spillways, although at a head 


of 1,00 ft. corresponding to the normal head of 11 ft. at Keokuk there was, 


less than 0.6% more water passing over the model without ‘the ‘silt deposit 


The ‘small amount: of alteration in the coefficient caused by» the 


that now exists ahead of the Keokuk | Dam was ae ) observed in the Keokuk 
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A measurements, which the re 

eee with the average of those obte 3, although the 
pond owas 6 to 8 ft. shallower: 


Wood Model ~ No Deposit 
De 
han’ uf 
is Wood Model - With Deposit 
ahead of Da 1 (x 


One Coat of Shellacon Model with Silt Deposit (4) 


Three Coats ot Shellac on Model with Silt Deposit (Ss) Oe: 


0.6 
Outer ‘Head! Sn Crest of Mode! ‘in Feet ols 


nit 
series o 4 0 shellac had 
“been applied to all of the 
the water. This shellac was, not applied until after the wood had thoroughly 
dri ie ed. Then, suspecting ‘that one coat of shellac might not have produced | 


the s smoothest possible surface, two coats were applied, and another 


“series of experiments were ‘performed. — There appeared to be no measurable — z 
s difference in the results after the application, of cone, or three coats of shellac, 


the the ‘shellac ‘itself s seemed alter the discharge | ‘rela- 


tively ittle, as s hown by C urve 3 in Fig. 19. Whee water _was passing over 


is ‘the ‘model with a head of 1 ft., the ‘discharge’ seemed to be "decreased about: 


0. 4%, a although at the greater heads the ‘difference could not be detected. ‘Iti is 


te. mis 


perhaps surprising th that the smoot er surface 0 of. the shellac “caused a dimin ws 
tion of the discharge. ‘However, this same effect of shellac has been noted in y 
experimentation with other hydraulic apparatus, and it appears ‘that water 


passes less friction over a well-smoothed ‘wooden surface “(which soon 
ecomes slippery under water) than over a shellac surface © which there may 
some molecular adherence, 
_ The shellac surface of the nodel was next treated with a fresh coat 0 


she ellac on which sand ‘No. 28 Stan d ard Tyler sieve. but held on 
the No. 48 | sieve) was thrown until the entire surface was thoroughly covered. 


‘The result « of the series of experiments performed on the model in thi con 


| dition is indicated ‘by Caries Fi g. 19. Except for the lower he ads the 


4 | 
| 
j 7 
, 
| 


difference w: was. increased. 


confidence may “i placed i in | the results from models of the : size e used i in these 


tests when the value of the surface friction of the model is in question. ne ; 


is quite certain that the sand produced surface on the model hich 
had greater relative roughness than that. of the concrete on the Keokuk spill- 


"ways; and it is believed that the results: from the natural wood surface with 
silt deposit ahead of the model ma; y be taken as typical of that existing 
at Keokuk. The following comparisons: may then be made | between the coeffi-_ 


cients obtained at ‘Keokuk ‘those obtained under like conditions ‘on. the 


- The coefficient obtained from the model seem to be in good agreement 


with the large-scale results at. Keokuk. It is per as large as that obtained 


in “Test 7, ‘since it represents the average of three spillways, the velocities 
approaching the two outside o ones | being affected by the friction on the sides 


of the testing canal. It is not as small as that obtained in Tests 4 and 5, 

‘since it probably represents the operation of a larger number of ‘spillways, 

rit a ex raor inary con action suppress agar oul! 

. Be eriments on the Discharge of Onl One S lwa —Since the dischar e 

s computed | over a sharp-crested weir r has less certainty under low heads, and 


that low-head limit, for these tests had been arbitrarily set at 0 4 ft., it was 
a im ossible by passing t the “water over the 10- ft, weir to measure accurately 


es the discharge over a single spillway which was less than 3 ‘ft. long when the 
pond level was less than 0.9 ft. ¢ above the crest, of the model. ‘Accordingly, 


most_ of the tests on the single ‘spillways were p vectored. “under ‘a head of 

about 1. ‘ft. which duplicated the existing at Keokuk. 

However, ‘coefficients _ the middle ‘spillway of the three | were obtained 

throughout a small variation in head. The coefficients which ‘were 

T hese 1 results are in agreement with those obtained three spillways 

were operated with regard to the relatively small effect which | ‘was produced when 


by | the deposit of silt ahead of the dam and the application of the ‘shellac to J comp 


As) 


coefficients are lower than those obtained with the ‘three spillways i inf 3.0'w 


operation, due to the extraordinary contraction existing around the piers 
when the single spillways draw their discharge from the entire width of the 
channel.. coefficients obtained | from the two end ‘spillways are identical 


as they should be with accurately constructed apparatus; and the discharge | 


1t: However, when the head was sthall 
various surface treatments produc 
ese various surface treat charg 
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‘the sides of the canal,” the dis- 


of only two adjacent spillways: in a pond i 


at 


No. of | Average Average| No. of | Average Average No. of | Average | Averag 
_| experi- | head, in| coeffi- | experi- | head, in} coeffi- _experi- head, coeffi- 
ment. | feet. cient. | ment. feet. feet. 


The results obtained fro 


0. 8% with the coefficients obtained under | similar conditions at Keokuk 


Keokuk ‘Test Be of two open spillways.. . 8.74 rh 


re Variation in Coefficient with Change in Head —Fig. 19 shows ieialabiieaiali 
ariation in the discharge coefficient with an increase or decrease in head from 


normal | conditions. % Experiments performed when water was discharging over 


only the middle spillway gave smaller coefficients {nereasin; g less rapidly as 


the head increases. The resulting, curve (Fig. seems to indicate 


under low heads there is less difference in the coefficient when many 
are. in operation compared with that when a single spillway i is open. si 


Coefficients. which exceed 40 are not usually encountered, but ‘it, is evi; 
dent. that they. _may be secured when water discharges” at great depths over 


a Bes That the coefficient would decrease rapidly for lower heads on the spillway. 


‘was anticipated from previous measurements on the Keokuk spillway at low ‘Gs : 


pond levels and from gaugings of the Mississippi River during certain floods 
when low lake levels existed. _ These’ other measurements (Table 8), w while not 


‘comparable in accuracy. with the work described in this. paper, indicated that 
the: discharge coefficient of the Keokuk spillway decreased to a value close to 


3.0 when the nappe passed over the spillway at a a shallow depth, , duplicating is 
‘the phenomena of flow over a broad-crested weir with a rounded approach. ue 


—compariso the r sult from the model (ex riments with: all measurements 
Water Supply and Irrigation Paper No. 200, Pl, XXXVI, U. 8. Geological Survey 
Report of Hydraulic Power Committee, National Ble. _— Assoc., —_— 


-_- through the center spillway is less than that through either of the end s Me a4 ay 
30 
— 
of 
se one th more spi - 
- 
th — 
1.02 | 3.69 | 12 0.985 | 8:69 
these experiments on the model agree within 
Jes 
5, 
— 
rge 
yas 
ely 
the — 
1 
— 
of 
ned ia 
ced . 
> 
to 
viers 
the 
arge 
arg’ 


as. close nt with: the measu 


oF DISCHARGE KEOKUK SPILLWAY., 
on the Form of the Nappe— —In order to compare the form 


the nappe passing over the model with that. measured at, the ‘metering s 
_ tion at Keokuk, this exact section was located 0 on the model and, by means of 


a a pointed ro rod, about twenty readings. to. the water surface were taken. to ‘the 
nearest hundredth ofa foot at varying” intervals the 


TABLE 6. MEASUREMENTS or Discuarce Over Keokuk 


agit 


elevation spillway, in 
in feet. ‘| eubic feet 


June 11,1913...) 519.20 Why 8.21 |By R. H. Bolster “with Price 


une 22, 1914... 521.22 | Flood flow through 41.4 gates 
June 10, 1915...) 520. 6-00 _ [Flood flow through 64 gates 
measurement urlington 
9 ood flow 55. 1 gates 


The n: nappe “measured in ‘this 1 manner when» the model! with the 
was oper ting | with the sand 
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and also without that deposit x 
‘measurements were made on the 1 nappe of the center spillway when 
slone, with n three spillways open, and with only one of the other spillway 
in operation. s Readings were : also taken to the surface of the nappe of one of 
comparison *of the results of the measurements-on the model. wi th th 


deposit of “gilt ahead ‘of’ the’ dam and those taken on - the Keokuk spillwa: y 


q ‘under similar conditions is shown in n Fig oon The model tests shown were 
condueted under the: following circumstances : Test 45 Spillway 


No. 2 with Spillways ‘Nos. 1 and open; est. st 46 on Spillway No. 2, with 
$ ‘Spillway No. 1 open; and Test 47 0 on ‘Spillway No. 2 and Test 48 on Spillway “4 


‘No. 1, with no no other spillways open. The corresponding data for. the. field. 


tests are given in 1 Table a The depths of . water in the nappe which were 
‘observed at Keokuk have been divided by the scale ratio of 11 ” 1, in order 
that t they might be ‘plotted on these diagrams for comparison. _In all cases 


the model seemed to represent quite. faithfully the form of the larger nappe. 
In Fig. 21(c) the differencé’in “average pond level | between. that existing at 


the time the modél : measurements were made and that existing > during Test 5 


at Keokuk, fully accounts for the separation of the two curves. 


& The measurements of the nappe which were made when there was: 


m d deposit ahead of the dam gave water surface curves very 


c | those shown in Fig. 21, except that the surface ‘was lifted between 0.01 a1 
of 6.02 ft. ~uniformly ‘across the entire ) spillway as the water ahead: of 


3 sort between Spillways. Nos. 103 a and located. in shallower water, 
a ~— order to test the | accuracy y of using the middle third of the Keokuk | 
“spillways a as an index of ¥ what flow would be obtained over a an unobstructed 
crest, the piers. were removed from. the model spillway and. an accurate | deter 
mination made of the cross-se section of the nappe. Fig. “21 (d) gives: an 
interesting ¢ comparison between the nappe cross- section at the otetation: of the 
oa middle’ ‘spillway of the unobstructed crest with that observed when one and 

eal three spillways ‘were open and the piers were in place. ‘The observations for 
rive Test “have beet “reduced to the same pond level of 1 ft. a above. the ¢ 


crest 


of the. ‘nappe in center. section of all the teste i is” practically identical, 
showing rine that the flow i in the center section of the spillway flanked a 


is of tbe" analysis which resulted in the coefficient of 4. 00 foe the nort 
head on the unobstructed crest at Keokuk. 


‘The amount of contraction of the ‘Mappe caused. by ‘the piers is very evi 


dent from. | Fig. 21 (d) and the fact that it decreases with the opening of 


adjacent spillways is quite ‘significant. From this diagram it proved entirely 
234 2 NOME 

possible to: compute within 1% the value of the discharge coefficients: pre- 

by ‘flow “measurements for the two cases—of a =p 


pillway dis- 
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“(FIELD TEST NUMBER 3.AND MODEL TESTS NUMBERS 
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__Pond Elevation For Model est 45 
Pond 988 For Keokuk Test 5 
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we 


Pond Elevation 0.086 Far Model Test 477 
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SPILLWAY, 


of subtracting rom ithe quantity. ‘of; water over 
that discharge, which would. have, passed | through the. a above 


mm, were, as listed i in. Table. 


piers “singie’ spillway 


; tion to average velocity in full nappe.. 
Reduction in discharge by piers, in pe 


Discharge’ ‘coefficients model experi- ding 
93,91 
Discharge coefficient computed from re- at 


duction of nappe by piers. 


~ when, the head. _was raised above or, lowered below the normal condition. ; iThe 
Views in, Figs, 22 an 1d, 23, with only the center spillway: in operation show)that 
| the piers cause relatively little reduction : of the mappe section when the head ee 


is low, but. this i increases to a very large amount, when the head j is, 50% greater 
than normal. The, increase in t the magnitude _of the, pier! obstruction. 


 inereasing head i is probably responsible for the small i increase in the le 


at high heads when a singlé ‘gate is open ds’ shown ‘in Fig. 20. 


of, vim the Nappe Plowing ‘Over r othe Model.— 


nappe which were in. the section, corresponding 


were ‘operated at Keokuk. Only two ‘complete measurements throughout’ the 

nappe. were | made with this instrument before itwas' abatidoned.in favor \of a 


mall Pitot; tube made from in. brass tubing. lie meter had. a propeller 
18 ft. i in diameter and. when mounted, ‘on in. 


obstruction. to the flow, sinee. the. metering. section was, some distance 
“the falling nappe. The diameter , of wheel of the meter, however, was 


ANG 


one-fourth the depth of the nappe, and henee many points in ver 


tical section eould not, be taken with, this instrument..\, by: 


mY The, Pitot. tube had been, ‘previously ma actur 
measuring, velocities n the nappe. of a sharp: -erested, a 


very excellent instrument for. this | kind of wor The use of a.tube of this 
| kind i the nappe requires, watehfulnoss in. order to prevent the, enttainitig of 


when, operating, near the, v water where, the. tube is likely toisplit 
nappe and cause oh, nit behind it. The behavior of the. tube 


* 
to note the close agreement bet ‘for the Keokuk measure 
a 
— 
ii 
— 
bs 


when water appro ches i it at an “oblique angle, ‘as it ya in'the 1 upper sections 
and sides of the nappe, is ‘the main element: of ‘uncertainty ‘4mvolved in its 
use, but coefficients. under» these conditions may be obtained by: calibration. 
There was a striking resemblance between the velocity distribution as 8 observed 


in the model and that obtained at Keokuk under similar conditions, revealing 


e ree each test t the total discharge of the spillway was calculated by treating 
ie ae sse velocity measurements in the same manner as that by. which the meas- 
os urements: at Keokuk were computed. This afforded a sort of check on the 


ir summary of these results is given in Table8 


umber Number Discharge | Pereentage 


ment used. of of points | by velocity 


verticals. | in vertical. ie 


| spillways 
operating. 


uh ‘Tt is to ‘be noted ‘that in Cc umn | (7) of ‘Table 8 , Test 84 is is the: ‘average ‘of 


all’ ‘three spillways which ‘is. probably less ‘Cian’ tat’ flowing | over the center 


spillway measured by the Pitot tube. fas In Test 85 it t is the ‘average of ‘the 


center and end spillways which ‘is more than ‘the quantity’ passing ‘over the 


center spillway alone which was measured by the Pitot ‘tube. 
odd mt [arse oft vol oldiaaoqest yidsdotg at beed 


Errect or Form or Piers on DiscHarGE. | SPILLWAY) 


As. ‘a conclusion to’ the \tests on the model the effect produced’ 
other pier forms was investigated in onda: to compare der 
these’ conditions | with: that for the ‘model of the Keokuk spillway. These 
experiments were performed i in ‘November and December, 1925, ‘and ‘in’ ‘May, 


Description of Pier Forms.— —The additional thies types ‘on which experi- 

ments were made are shown in. ‘Fig. 24 and are designated as Forms C, 
: and D, Form A is the: pier nose of the Keokuk model. The: nidw'pieth were 
of wood and were duplicated ‘on the two full piers and Piers: 


of the model. Neither the form of: the crést of the dam nor the silt ‘deposit 
head of 1 the dam was a altered for these tests, but the sand finish which had 


bee n placed on the dam during the previous experiments with the” Keokuk 


nodel was removed. Piers B and C ¥ were formed by ‘extending ‘the pitts up 


stream’ from the dam in order to produce the lateral contraction of the n nappe 


Pier was constricted with a’ circular’ nose ‘at ‘the up-stream’ end of ‘the 


Keokuk ‘piers, 


increase to full pier width a was made de gradually, ' ‘thus producing a large part 


but ‘was’ formed ‘with only one-half their radius, further 
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SPILLWAY, DISCHARGE, OF, KEOKUK,,DAM_ 


the, lateral al, contraction: pf, the nappe., as it) was falling) over the crest of, the), 


dam. There. was no, provision, for 9. gate slot,in P ier, 
# riments, and ‘Their. Results,--The), discharge over; all 


obstructions 3, occupying, the fully width, of the testing canal, resulting, 


coefficients, all three spillways were in operation. are, shown, in Fig.) 25 (a). 


| 


| 


q 
| 


Fic) '24\—Types or PIER Noses. 


Pict B the’ nose of. which extended up sti 
‘6 in. (or Bb ft. 19h ‘the ‘dah), gave’ higher ‘thie 
model when th head’ was’ léss than’ 4.99) fact,” it 
“hi argé ‘thrdigh’ ‘the ‘spilliwety tha in ‘Pier with’ a 


seemed | exceptionally, large, throughout, the 


tests this ‘pier was repeated after, a. lapse of: one, week. “The results 
; firmed those of the p previous series i in, every, Tespect, At heads between 0. 95 ft. 
* and 14 ft. P Pier C allowed more water to ‘to pass than, Pier, B, b but the maxi 
difference ‘amounting t to only 1%, is. of little significance. 

The D. type of piers allowed , considerably ‘more water to pase than an 
the other forms: as shown'by’ the coefficients i in Fi ig. 25 | (a) » which were com ae 
puted on the basis of the same net crest length between piers. 3. “About 8% 

more water could be passed over the’ Keokuk spillway provided » the piers wer 
: shaped in this manner. — it may not have been entirely consistent to compute > 
the coefficients: for Pier D on the basis « of the crest length of the « other motels,» re 


~ since the flat part o of the crest at its up-stream edge measured 2.953 ft. se 
: 127 ft, which is the width between the piers aft 


brod 


| 
| 
4 
a 
tS 
_ 
— 
— 
btained with Pier Bs 
‘Sy 
— 
a 


the 


were 


basis of a crest length’ of 2. 95 ‘they would 


heads greater than 0. 94 ft. is interesting’ to to “note that below this 


theré is some indication’ ‘that: it is possible for a a ‘dam ‘ ‘with ‘piers to” have 


al 


higher’ discharge coefficient per linear 
these obstructions. 


foot ‘of open ‘epillway than 1 one without 


CLH 


Cin Q= 


Coefficient C i 


sites are 30 ft. wide and the piers | 6 ft 


expressed more clearly by tabulating the, discharge over a dam. of a certain 


tive amount of obstruction caused by. the different forms of piers may be 


2 
on Spiliway Crest of Model 
on Crest of Keokuk ies 
‘FOR ‘KEOKUK SPILLWAY WITH | 


gross length made up| of these piers, and spillways with ‘that ahlab would pass. 
over a dam of the: same ‘gross length w with no such obs tructions (see | Table 9). - 


TABLE Oven Dane WITH IN PERCENTAGE 0: 


to 


DISCHARGE ‘Over DA or. 


Same Lene No ‘Piers. bots 
ALL SPILLWays Iw OPERATION. TORY 


and similar to Keokuk Dam assumed. Open spillway 


STOW jtoid 
e of pier. 


No piers 
uk Piers: dte 


equals 0.83% of the gross len 
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Fig. 26 which shows the surface of the nappe at three different (only 
center spillway open) indicates that although the nappe is comparatively flat 


DISCHARGE OF. KEOKUK DAM 


nces the discharge 
pier, forms when. all spillways w were, in, operation were greatly magnified when 


a single spillway was operating: alone.. Tests with the center epillway of t 


model, operating ove the. other two were, closed. by perfor rmed 


this diagram show a 


pass, thi through 


ppe as it 


passed over the crest was not greatly at the spillway _ However, 


4 above | the crest at the gate section, 6 in. ahead of this at the face of the tin 


the surface is appreciably depressed along” the pier walls. The comparison 


: between the nappe surface at the metering section with that obtain ned on the 


Keokuk model is interesting. Except : at the sides, the ) nappe produced 


by Pier B is not so thick, but since the total. is ‘interior 
ae. 


CENTER WITH PEER B 


Rahs 


: 
and the Hydraulic Laboratory ‘of the State University, of Towa. 


anc 


‘Ss. Am. ‘Soe. 6. of the ‘Department of Mechanics and 


| 
results are shown, in, Fig: 25:(b). curves. ir ii 
decided. increase in, the discharge accomplished. by pr 
the dam.. Pier C sallows about 7% more, water 
spillway than passed over the spillway when)op 
Keokuk Dam. At lower-heads, Pier B) gave di 
to Pier which had twice the amount of projection|ahead the dam, but, 
-. at the high heads, Pier B gave results closer to, those)of the Keokuk model, 2% 
eG _ indicating a positive advantage in the further extension of the pier into the is, 
= 
= 
— 
> Wappe Water Surface at gauging section through Gate Slot 
Fic. 26.— , COMPARED WITH NAPPE OF KEOKUK Move, | 
q 
| 
| paration of this paper and with J. 5B. lege oc. U. 
trict Engineer, U. S. Geological Survey, visit inspected the @ 


‘Mercer, ‘Assistant’ Engineer, Mississippi River Rowse \Company, and George 
Shafer}! un: ‘Am. ‘Soe. Es) Research “Assistant in’ Hydraulics ‘at the 
iState'U niversity of Iowa, making ‘the measurements ‘at Keokuk. 
The current meters were rated for these tests free of charge by the engineers 
ithe Uy: 8: ‘Bureaw of» Standards. (The: following’ graduate ‘students i i 
a Hydraulie Engineering at the State University of Towa served 
performing: the’ model experimerits''and: assisted in ‘the’ preparation of th 
paper: Herrick and Howe, Assoc. Members, Am: Boe.O: WE 
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AMERICAN 


PAPERS ‘AND DISCUSSIONS 


Society is not ‘responsible for any expressed 


ATER, POWER LI LEASES 


“unreliability: of the ‘Real Estate Sales”. of valuing 
power ‘is well known.+ Leased water ‘prices, on. the. other. hand; do. furnish 


of alin poratio 


“consistent data pay serve asa ‘useful basis of comparison with ‘values. arriv 
OLE 


at by any other method. ‘This consisten¢y has had 


sas 


tendered under lease more nearly représented market rates for power’ an 
| “forced “sales”, “bartering”, and “condémnation proceedings” _repfesented 


values ‘of properties: as a whole. In § some, instances: owners were competing 
VQ 48 qaor 


other lessors of water | ‘and were always: limited, as to maximum cha 


e advent ‘of hydro- electric development practically put. an. to 


leasing of water for power ‘purposes. Hence, substantially all the leases. still: 


been allowed to 


Prior to 1895 “hydro- -thechanical developments were suited ‘to, ‘the use 


of mills located at the power 8 sites. Subsequent hydro- -electrie ‘development — 


and long- distance ‘transmission have broadened the market. for-w water power 


at Tt might be contended successfully that water for power purposes ineanbeed Catt. 
in value | as ‘the market broadened and that prices prevailing. i in the hydro- 


f oer Stee 7 
owing to ‘the the dolla. ‘Genérally ‘speaking, 
¥ — the cost of electric power his not advanced in proportion to other commodities. — 


these old leases will approximate the average ‘values set: forth’ in present-day 


appraisals “made by the “capitalized het eatnings” 


The United ‘States ‘Cénsus’ of 1880 i includes ‘a’ ‘devoted 


The data furnished therein were’ compiled’ “by different! ot 


—Written discussion , on this paper will be closed ‘in ‘May, 1929. 


“Water-Power Appraisals", by William: Cushman, M. Am Boe, Bs 
.» Am, Soc. C. E., October, 1927, Papers and Discussions, p. 1843. 


Proceedings Am, Soc. B., February,’ Papers and 625. 
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and painstaking effort in ‘the 


In the list. of leased, waters included 


he power available is stated as against the” amount whenever both 
quantities are given. _ The rates are firs quoted as in the report; then, such 


of them are ‘stated to be for Tess" than 24 hours per day are reduced, in 


TABLE Given IN 1880 


— 


available” Leased Census 


Mass. 
Biddeford, Me.... 


Windsor Locks, 
Holyoke, 
Turners Falls, Mass.. 


11.44 
9.4 20.00 

Barretts Junction, Mass. . 9. -00 


Ansonia, Conn.. 


14. 
18. 
16. 
10. 
7. 


ee 
Manchester, Va...... 


Dayton View, 


ases of mater were. made on the Merrimac River, at | Lawrence and Lowell, 


Mass., and Manchester, N. H. In each of. these cases a group of power u users” 


ormed a company. _ They paid: sums of-money undoubtedly, for ‘the. cost 0 


development) and thereafter an annual sum of $300 per “mill Power” 
maintenance charge. | ill power” was, rated between 85 and 86 


r - theoretical, ha AML these leases were limited to a use of 16 hours per 


ea: At Lawrence, more water was leased, at a later. period, at the rate of $1 ‘$0 i 


‘mill power” per annum, or $14. 08 per annual hp. This” 16-hour ‘power 


4 


rate reduced to a - hour basis would be $21.12. J At Lowell, additional, “mill | 4 


powers” were sold at $10: 000, each; ; which: assumed at at 85 shes Pp. gives a sale value a 
64 per h.p. Wihether,, the additional rights a t Lowell and Lawrence a 


eminence, notably Georg s the most detailed 
880 Census report. 
stated 
No les 
_(owne 
h 
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= — Raritan. N. J.. 1 995 42.04 5.00 © th 
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-stated'as applying to Manchester and Lowell, they are omitted from Table ne 
4. Biddeford and Saco, Me., a “mill power”. was. ated at 85. 23 gross. h. 


- (owners), however; leased “surplus” water. at. the rate of $3. 00 p per.‘ “mill power Ba 


per day of 11 hours, or $10 .91, per annual h.p,.. Ona 24-hour. basis, this, would 
be $23. 80 ) for power. rin pa d te 

ws 
power, “rates |v 

“per h. is for 


in all. canes. as 15% of the gross power.” "These two, prices, reduced to 


‘gross horse power on : a 24-hour basis would be $9. 38 and $20.45, respectively. ae 
Windsor Conn., The Connecticut River Company developed, from 


users. “The rates usually. charged vary. according, to circumstances, but the 


nominal water, rental j is #2. per sq. in in. under 380-i -in., hea This is 


to 24-hour service e if ‘desired, estos 
‘The Holyoke Water Power. Onmpany, owned, all the water, right 


at, Holyoke, Mase ,,and sold “mill powers” and land.; A “mill power” con-— 
"sisted of £ 86. 3 h.p, The rental per mill power » which is often expressed as the Oe 
Be charged at Holyoke, but as to the actual cost of the power 
rvation to insure a 
— The cost of power is involved 
: ‘There are two classes of power 
in use at Holyoke, anil ; “Surplus”, or second- class powe 


is sold’ at $2. 50 ‘per day, or night, per mill I power, | This rate for “surplus” Fae 


powei reduced an annual gross horse-power basis, “for 24-hour power, ‘would 


Turners Falls, ‘Mass., “the Turners Falls Company owns a large tract 
of'land available’ for manu acturing sites, < which it sells. Power i is disposed of 


Lou 


to manu facturers under a perpétual Tease. ~The usu al rat e has been 50 


|: 
i 
i 
i 
| 


future.” "These carry the right 4 use ‘the ‘water 24 hours per 
£000 hip. ‘were developed in 1882, whereas the ‘dam was const i 


‘Turners Falls was. 28 ft, and the! low water the average year would 


produced 16 000. h. p. Less one+t third the ‘available power was leased 


re subject to prior rights of the original lessees, is not stated. 
ester, no. additional, rights were sold or. rented. after) the original group 
3 
os 
q 
— 
q — 
— 
i h tm 
i i j i other points on the  ## 
in the earlier stages of power wuse,' on 


The ‘nominal ‘rate charged 4s $450.00" per’ 
power of 60 ‘There’ "hep, ‘availableIn 1880,"only #210°h.p 


Was’ in ‘use and, in'1882, ‘this had: increased ‘tet 040 | Tt’ is’ evident’ that pe 

this power This'-¥ 

at vatuntion as dé Tarners Falls?’ This’ accounts for’ the low: rate of It lowe 
Union “Wiiter Power Unionville; ‘Cows: from’ 860 tented 


4 000 h.p. which it leased at $175.00 ‘per ‘mill! power per year. A mill power the eq) 
consisted of 15. 15.34 gross h. giving a rate equivalent to’ $11! 41, sot 


Greenville; Conn); water rights were Sold with reserved téntal Th 
per 1000 spindle’ power. About! 1600 hip. is. developed.” ‘From 'this 
te insufficient data, it is’ impossible to compute the 'value'of a gross horse power. 
“About 290 h. p. was sold at Occum, ‘Conn., at ‘$20 per annual Further 
‘was a ‘development Barretts Juncti ion, ‘about’ 200 gross 


and it’ was to the Springfield’ Soapstone Conipaniy at $9 per annum 

bee hip.’ Farther, the Company “wishes ‘to sell the “balance of its| power at 
which would be ‘probably’ the same for other 


«The Birmingham, Conn, development was 1/375. gross hip.’ and: the: power 
was le leased for'99-year terms, at the following rates?) 


First surplus | per gross horse power. a se 


This power ‘was ‘sold a12- -hour ‘per day basis Which’ ‘doula! ‘give! the 
“permanent! Wwater”,'‘on a 24-hour ‘basis, ‘a Yate of $40' per annual gross 
‘Ansonia, Conn., 1600 p. was developed ‘and ‘Teased at bates? closely 
Fesenibling these charged’ at ‘Birtingham, namely pi oft ot -auxil 


ermanent water per ZTOSS NOTSE POWET. ... 


SEIS OFT STB STI bits bast 


Surplus water per gross horse power, “$16. 67 to. $8. 33 
 (avera 12,50 


hi While not stated to be 12-hour _Power, the. nature of the served 


would indicate such limitation end -hour be to eet 
Cohoes Company, Cohoes,, Y., owned land and, water, and 1 
‘granted perpetual, leases or water at, $200, per, mill power. mill) power i is 
18. 63, gross h.p., whieh gives an annual, rate, of $14, 
on |The. Oswego Canal. Company, Oswego, gaye leases for 999 years. 
AE run” water consisted of 113 ft, per sec., 20-ft, head, or 20.7 hp. to fi 
rnd \First-class rans, $350.00, (equivalent tate of) Wise 
second-class run Tawa $42. 
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er. A Court deéreed that ia of 834) cin ift. per! sec. un 
a 10- ft. head, or 37. 87 gross h. First- class runs? leased for: 1$800,) or $7.92 
per day; second-class: averaged! '$137: "$8! 63 per p. “per! day. 


This'-was opeally'a pro rata’ odivision® of! ‘water amionif” active owniéts 
lowered’ My ‘coat p per horse pier below cost 


tal ‘Hyd¥aulic' Company, Lockpért,N dente ted 
his ‘ranging ‘from $150.00 ‘to’ $200.00 per “run” which’ ‘consisted of 12 “effective 

er, hp. Turbine | efficiency was at reducing. th two figures t 


oss the hydraulic at t Niagara Fall Ils, in 188 80. Water er Wi as leas 


um to heayy. consumers at $ per, p., To users of less than,500 h, t the rate ‘was 
at $10, ‘but the Power Company, maintained the, turbine plant and ‘delivered, this 


The, Dund dee; Land. and Water. Company, owned sbout, 800) gross. hip. 
Passaic, N, which. i it leased at $700.00 per “run” consisting; of 84 cu. ft. pe 


“ee 


sec., at 22- ft. head, or 21g h. P. This price for 12- hour power 


ely My and :00,.As-M. the periods of low flowy All’ lessees tused steam 


a auxiliary power (indicating full use)! This rate is appatently based on 12-hour 
service; 24-hour service would have | beet! on a basis of $70:50 per gross’ hp 


tiv hy. 


In Raritan; Ne 216 gross h. p. was was ‘Tedsed at from 
-$400it to $300 eq. ft! of opening tinder $0 i head, that 18 ‘ou. ft. per 
sec. This at’ 14-ft: head' would grosé/h.p:’ which: Bt $400, ‘would 


ovat $82.20 ‘per’ h.p. and ‘at $300 ‘to $24. Towog : 


Be Trenton Water Company, ‘Trenton; Water at $4 pe 

nd in. Of openin under 3-ft. head, which is equal cu. per ‘see. 

is 12-ftl head’ this ‘would’ pr gross h costing $576 (144 5 xs $4) a d 

‘The Fredericksburg Water Power Company. in F Va., J 


to five mills, aggregate of 330 hp: at rates ranging from $5 0 $15 per 


per annum (not ‘specified as to ‘whetlier, this was gross horse power or iS aie acd 


wise). ., Here,, 1 360 h, Pp. was available, of which only 330 A, . Was under, lease 


The. City of, Manchester, leased "far 50-year _water at “per 


which, , would ‘ 


yt 
iat 
this 
» 
360 tented was charged for at’ $25 per “effective” h.p: This’ price 
is’ price converted into 
— 
va 
ver 
— 
5 
Paterson, there was.2 150 igross h.p, available,$750 beingicharged 
ie of 
La 
_ 
B15 
10 


eased water vat $5.50: hp. 


venb “Ohio, the following ‘rates: At Hamilton, water leased at 


“gross h. at it. was $29. 37. per gross at. View,, water 
was leased for (99-year periods, at the gross horse-power rate of $36.71; at I Dayton 


(Mad River), the cost, was $30,21, gross» ; and sat, Dayton Cami 
Canal),.v water. was leased at $27.93 and at $24.75 per annual, gross h. 


Power at Appleton, (not given, in Table A), was eased with neces- 


sary Jand at the nominal rates. of $1, to $2 per h. Pes , in, bl locks: of from, 500 te 
a 000 h. D. 33 to $4 for blocks of from 100 to 300 b p.; and $2 to $3 for a 50- hp. D. 


In Kaukauna, Wis, 100 to 3 300-h. p. sites were tenderec at. from 


being t tendered as an inducement to This site 


Water power at Lawretice, Kans., was $20 P- ‘Tn “Table 1, 


‘Column (5) contains some actual 24-hour "prices, but, others" are | “projected” 


rates based on prices for shorter periods of service “per day. “These latter 
_— 'prices | are submitted for what they are worth, ‘al it does ‘not follov ‘that “night 
e ‘ shift” water might be delivered i in one instance, or might be sold’ at “peduced 


The leases. liste in ‘Table may’ be ‘separated | inte ‘groups: “Fréin’ the 
locations where ‘the larger a amounts’ of power ‘were available group tay be 


“selected embracing the instances only a small Proportion of ‘the water 


end. the Wisconsin powers. (not tabulated). Im these. inetances’ it is evident 


that the 1 unused power was, in effect a a bid for. inoreased patronage and does not 


reflect average value\in an active market: ib nov w 


Another group represents “day-shift” power. users, where’ water power was 
in sharp demand and more closely approached the cost of steam-produced, power, 


namely, Birmingham, Ansonia, Passaic, Paterson, and ‘Trenton, These 
power costs, on a 24- hour basis, ; are greater than t the, presage market. rate, and, 


Uy? 


in most instances, are in ‘textile mill territory. 


Ignoring other insta’ ces. where small quantities of water 


at. 


in While some of this group represent textile, mill 
tetitory and others paper mill sections, ‘the “Census Rates” column (Column 


(4)) shows an average price of $12. 87, ‘whereas the “94-Hour Basis” column 
Column (3)) shows an average of $17. 30. 


the locations where 24-hour power “leased: ‘ungualifiedly, that is, 


Locks, ‘Holyoke, “Cohoes, atid Oswego, the prices” agree ‘closely and 

ies average $13.93 per annual gross h.p. ‘These instances would seem to represent 
oF fairly ‘the 1880 value of. leased water of 4 Class comparable with that used in 


resent- day” hiydro- electric ‘developments. It’ ‘is ‘to “be ‘Yemiembered “that” “the 


boon City of Augusta, a., +, bla 
— 
— 
— 
— 
|| 
— 
4 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
—— 
— 
— 
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t 
place of hydro- mechanical use and that of original leases were 
% tioned electric | power equal to their holdings developed at 65% efficiency ; thi 7 


of $13. 93 to 43 f 


old rate of $13. 11 for “first- class water” * was raised to $15.00. ‘This vi the 


only instance i in this record of revision of | price subsequent to 1880, it is worthy 
a of note. 3 In 1912, turbine efficiencies were ordinarily assumed to be 80% which : 


would give a value of $18. ‘1 5 to water sufficient to produce | 1 h. Pp. on the shaf 
- While all these leases represented the right to use water, it must be remem 


3 bered that a certain of “development” was included. 


-penstocks were 


Without special emphasis on any of the foregoing rates and fc for purposes of 
comparison between “leased water” prices and valuations reached by the 


“capitalized net “earnings” method assume that the net value of water suf- 


ficient it to produce an annual gross horse power is $15. 00. Water power being 


‘customarily expressed i in turbine shaft horse power, this $15.00, at 80% 


efficiency, would become e $18. 75, as representing the value ordinarily capitalized 


Then, $18. at a value $234. 37, > OF at 10%, a value of 


aaa with t those developed by the ‘ ‘capitalized net 


5 to $27 5 per h.p. according | 


a q | ae instances, turbine efficiencies of 65% were used. It is a ma — 
— 
per 
— 
3 site & = 
le 1, ‘furnished and, to an extent, “operating 
itter If a flat deduction is made, for p 
it would seem that the 
age rate for leased water, it woutd seem 
faced 
sth 
yusta, 
ower, 
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PROGRESS REPORT 
3 
_ Soomry oF Own #1315099. 
The study of colunin test datat which the’ Committee had partly completed 
and “reported ‘upon Ja: anuary, 1926, made it appear desirable to conduct 


some “experimen nts ‘along certain lines ‘on relatively small columns before com 


its Accordingly, certain’ tests were: planned ‘and ‘eartied out 
during the past’ “two: years, which have yielded ‘some ‘results’ of ‘value 

which will be considered in’ this’ report. pat 


_ will be desirable, as a matter of ‘convenience, to deseribe these tests 


and present the principal resulta before goihg on with the discussion in ‘the 


order intended. in the first report. This ‘report, therefore, will consist of two. 
parts: Part I is a description of the tests referred’ t to, and F Part IL a con- 


tinuation: of ‘the’ general report; as outlined i in ‘the ‘Progress Report of 1026. 
tésts. described! in!) Part I) were made the Jaboratories of the 
University of of Wisconsin, under the direction of Professor M. 0: ‘Withey, of th 


a Department of Mechanics, to v whom the Committee: i 8) much indebted for 

the care and thoroughness. with which this work has been done; and for the 4 
preparation of much,.of the material embodied, in the report. Acknowledgment 
pea is also made of the valuable services of the following Research. Assistants BES 


same Department: Messrs. R..R. ‘Schrader, K. F. ‘Wendt, E, A. Abendroth, 


i T.. ‘Homewood, ;and, E. R. Summers. _ Besides the use of. its laboratories, 
bs the University of Wisconsin has contributed the test columns, and considerable 


service by, its Research, United States Forest Products Laboratory, 


N ewlin, A m. Soe... | as. assisted, effectively. 
ak loaning. the use of its 1.000 000-1 . testing machine and roller; vbearin ng block 


Engineering Foundation. has co-operated in this work from the, ginning, and 
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1—Obiect object in ta these tests was 
try out: ertain promising methods of studying the effectiveness « of lacing- 

‘bars and other elements! | However, as the work develo; ped) Considerable 


valuable information was obtained: regarding the stresses. in such elements, 
the crookedness of certain columns, the-relation of ‘strength to yield point of 


material, the properties. 08 th the material at arious points ine cross- -seetion, 
the effect of form of i on eecentrically loaded columns, and other 


features. ‘These variou s items will be discussed in their proper place after 


—Scop column tests may be be “conveniently divided into three 


Eleven umns tested under ¢ 


umns similar to ‘certain columns Series (A), te 


of gau ge lines, are given in Figs.. 1.to 7 Detai ls of Columns. Nos..4, 5, BA, 
5B, and 6, which. were. latticed channel columns, are, given, in Fig. 4, and q 


of Columns Nos...7, 8, and 9, which were batten-plate. columns, are 
in Figs. 5, 6, and respectively, Columns Nos. 4, 5, 5A, 5B, ‘and 
iffer only in the. lacing-bars, those used in Column No, 4 being 


light, and those i in Column No. extra . Fig. 8 gives the 


» The actual sectional areas were the deducting the 
calculated weights of rivet heads, lacing-bars, and other details. » The values 
of v were determined by mmateraperd at each end of the column, and the 


All the columns listed in Tables 1 and 2 were contributed by! the University 
Wisconsin. ‘All fabricated ‘columns ‘were manufactured: by the American 
~Br ridge Company; and all H-columns were obtained from: the Bethlehent Steel 


ria 


* ‘Company. The! material. shopwork “specified ‘to conform to the 
bid WT 
General Specifications ‘for Railway Bridges of the’ oA ‘Railway 


pparatus.—Tests “were made at ‘the ‘University of Ww isconsin, some 
on 1 000 machine belonging ¢ to ‘the United ‘States Forest: Prodticts 
at Madison, and others with ‘the 600 000-Ib. testing machine in the 
“Materials Tes aboratory of the ant feature of th 
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: Strain -in. and 20-1 “in. gauge lengths were 
‘made with Berry strain- -gauges read to 0.0001 in. For 2-in. gauge | lines, ~ 


strain- -gauge ‘was to 0. in. nine wire- 


mrain ¢ curve from a straight line. 


throughout the testing m, pa by sensitiveness of the 


column to small changes i in positior n of th the ends, and by the very close actua 
agreement of lateral deflection under eccentric loads with ‘the theoretical 
assuming hinged ends. However, order to assure itself on this point, the 


Committee obtained direct evidence of the actual amount of the friction. The 


two blocks were placed face to face in the testing machine and a load applied 


directly | to them. ' The combination of the two, blocks was then turned through 
a considerable angle by means of a “projecting rod attached to the blocks. 


Assuming that the center of curvature | of the roller bearing of each bloc 

was precisely at the face of the block, the combination of the two could be © 

turned through an angle with no resistance except friction. The maximum 

value of the. load pz, was 500 000 Ib., as a8 compared toa a maximum load used in 


the column tests of about 400 000 Ib. ‘a It was found that u up to a certain n point the 
force ‘required to turn the blocks increased with the amount. of the m move- 
‘ment, but beyond this point, the blocks” continued to roll” at very nearly 


constant force. results of the tests, given in Table 3, are the averages 


of three to eight sets of readings. The friction coefiicient i is found by ividing 


the diameter of the “circle of roller “centers 
times the imposed load, PL T he angular movement of 0. 00006 radians was equal i 


to one division of the bubble ‘used, which was the smallest ‘movement noted. 
In the oblique loading tests, it ‘is found from calculation | that the angle 
of rotation for Column No. 4, with 1 P/A = = = 14 570 Ib. per sq. .in. (P= = 167 000) 


“and 15% shear, was about ( 0. 002; ‘and for Column No. 2, with P/A = 14 170 Ib 


per sq. in, (P= 200 000), it was about 0. 0011. — 3 Comparing | these values with 
‘the 


e results given i in Table 3 it would : ‘appear ‘that the friction ‘coefficient was op 
nost cases consider ably less than 0.002, and 1 this may be taken as about 


aximum probable value for any of the tests. 


B 


al 

e effect of a friction coefficient of 0.002 can be judged by, ca culating 

ece entricity. necessary to overcome this friction. momel nt 

si 


block be P 0. 002 = 


Fae 


icti db ‘to the columns. 
_ ly frictionless end bearings to the ms ll 
q 
f the extensometer dial 
ithe drop of the beam, and checked by the movement of the extensometer dial. co _ 
— 
— 
4 
| 
q 
— 
; ss than that given in the tests. Inasmuch as these values were of ae _ 
n Magnitude of 1 in., or more, the error due to friction would be very small —— 
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The question has also been raised whether or not in the oblique ‘tests | 


could be safely ‘assumed that the load is always: truly vertica 


in the calculated shear. Inasmuch as ‘the bearing blocks “were re not free to move| 
_ laterally, any tendency of | the column t o take on a horizontal ‘movement of | 
one end with respect to the other would be resisted ram the testing machine ¢ and 
thus give rise to a horizontal load ‘component. _ The analysis o of the e various 
kinds of distortion to which the column i is subjected—flexure, shear, and direct 


stress— indicates that such possible effect i is very small ; but it probably the best 


answer isa a comparison of the observed bending stresses” s (calculated from. 


-strain- ‘Teadings) near the of the column, with the values caleu- 


or SERIES Tat 
Gravity Axis 1-1, parallel to flanges; Gravi 
Gravity Axis 14, parallel to flanges; Gravity Axis 2-2, through 
— 
“a 
pl 
— 
— 
— 
— 
—— 


ompatiison' | had: been mad for 


columns" ‘under an oblique: assumed to give 5%. shear (obliquity, 05). 
For a total of seven different loads, the maximum difference between 


methods of calculation, averaging results for both ends, v was ‘14 per cent, | Most 
y viele. | were within 8%, some being of one sign and some of the other 


“average of f the seven was 2.7%, the strain- gauges giving ‘the. higher sag 
Considering the nature of work, this agreement is” quite satis-— 


—Procedure in Testing. -These were undertaken inform 
tion regarding lateral rigidity and strength, ‘but more especially to try out me es 


certain ‘method of testing which it was thou ht would be particularly ‘well | 
adapted for the of the various ‘problems: connected with lateral 


gives little In a ‘relatively large amount of 
shearing stress ‘upon these columns, they loaded obliquely, that is, by 

placing the: ‘oad eccentrically at the end, the. eccentricities at the two ends 


being in | opposite directions. The bearing blocks’ ‘were very nearly frictionless, — 
=a and their behavior indicated ‘that the columns: were" substantially pivoted end 


s. By this. arrangement, a definite amount of shearing stress in pr 
ortion to the direct stress could | be. imposed. Fig. 
placing the column in the testing triachine. 


or Bearina 

F 0.00006 RapIans. 


Torque, | in in | Friction Torque, in 


Strain auge measurements were finde at all corners near the ends, quarte ba 


oints, and center, on 8-in. gauge lengths, and also at the center on in. 
. Strain measurements were also made on lacing-bars, stay 


en- -plates. ~The locations of the ¢ gauge lines a are shown in Figs. at 


1. “The shearing stress was ‘purposely made large, 5% of the direct stress 


final loading, so as to produce relatively large stresses in the lateral | 
and details; and the lengths of thé columns w were chosen so that a 


= 0, 05), would requir 
equalled about: 6, in which, 


ance to extreme fiber ; and r, the radius « 
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2-2 (Table 1 1), ‘the roller, axes to Axis 1- 19 

‘The columns were first centered in, the | testing. -miachine, by’ mbesurement 
nd then by trial! loadings until the strain-gauge measurements and. deflection 
apparatus showed practically: no eccentricity: under a considerable load. After 


being centered, vends were shifted. a./ealeulated amount tol: produce: the 


Some of the columns were tested under 2% shear up toa maximum. fiber 

stress of about 14 000 Jb, per sq. in, and then tested to. failure under 5% ‘shear. — 


azimum, Stresses, at Ultimate. Load.— gives the results of 


- these tests relative to the ultimate loads, and the 3 maximum ‘fiber stresses at at, the 
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- Columns Nos. 1, 2, 8, and 3A, ‘composed of ‘wii rolled or riveted ‘sections, 


‘also failed by ‘over: stressing the Column No. 4 with the light 
lacing, which failed both by | over-stressing of the channels and by the bue SS 
‘fing of the lacing. This is ‘shown very clearly in Figs. i and 12. In a 


“these > columns, however, the calculated maximum fiber stress at the ends was 
much | beyond the yield point of the material. As Table 4 shows, the first ‘seal- \ 


ng occurred i ed in some cases before the average unit stress in the hexsrome: tig 


in 


in Fig. 18, would be expected. The excessive shearing 


“caused large bending moments in the individual channels, which led to failure — 


at the first rivet of the end batten-plate. — Column No. 9, however, carried an 
ultimate lo d almost erent as the maximum sustained by the latticed chan 


the columns as columns, they were tested as simple ms. um center 


a All the columns when tested with the ges: of the load parallel to the web 
a exhibited small sets and the deflections | agree reasonably well with calculated 

values: if due allowance is made for shear deflection. tested with the 
¢ plane of loading normal to the web, that is, paral lel to the lacing or battens, 2 
both the laced channel columns, and ‘the batten-plate columns, 


ections after light Toads. 


“lations, including ‘an allowance for shear or equal | fiber 
and span lengths, they were approximately equal. The batten-plate columns 

exhibited much higher deflections. Under this type of loading, basing the. com- f 

parison on the same fiber ¢ stresses, the elastic deflections of Columns Nos. 7, 8, 

and 9 ) were, rad seven, three, and two times as as the corr 


AS 


cealeulation. The calculated values are obtained from. the = 


Deflection = 


= 


vending: When in ‘the plane of the webs, ‘the solid riveted he rolled 


sections’ a deflection somewhat more than calculated; the laced 
channel columns, ‘somewhat less. This smaller deflection is. doubtless. due to 


“the: ‘stiffening effect of lacing ‘and stay- “plates, which was neglected, ‘The im- 


f 
portant result is, ‘however, in the of these co umns 


6 to 2.0 times the calculated values) wl in plane of the 
excess: ‘is due obviously + 


— 
4 tm 
— 
tm 
q 
— 
4 
_ fj paring the deflections and sets when bent in different directions, some informa-_ a 7 
) _ tion was obtained relative to the effectiver 
i 
| 
a 
It is of interest to compare the observed deflections with the calculated 
— 
— 
4 
$ 
3 
at 
— 


 stay- plates, to the deflection, or, as it it may be ¢ considered, ‘the detection, due to 
shear; ; that is, the deflection due to. shear is, i in this. case, from 60 to 100%, 


BAL 


6 as much as the e deflection due to moment. _ The differences are naturally stil] 
larger in ‘the case of ‘the: batten- plate columns. Inasmuch as ‘most. ‘column 


formulas. are based, to. a or less extent, on theories which j ignore shear. 


Wat 


TABLE 5.— —Comparison OF IONS AND SETS aT oF CoLumns 
per Transverse Loans, 


Postrion oF Loap PLANE, 
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*Member did not | have full across knife-edges due to initial wind of approximately 


"est —As regards oblique loading, Fig. 14 shows 
. that, if the column ends are hinged, the mid- section is rotated counter- clock- 


wise by the bending n moment and clockwise by. the shear. _ Hence, the net 
angular rotation of the mid-section, a, , relative to the column axis i is the differ- 
ence of the shear and bending rotations, . ag — ap. "Also, owing to small rota- 


tions of the bearings and Po machine during loading, the column. as a whole 


suffers a small rotation, . Hence, the ‘entire rotation, of the mid- i-section, 
will be + a’. “By attaching a pair of | spirit levels a side-bar supported 


* at the column, ends (Fig m7 10) me, rotation of the column as a whole, a 
“Fas 


— 
— 
— 
— | | ¥8 | | 
— | | | a | a | ay 
5A 0.0496 | 0.0023 | 0.0581 | 0.0075 
& x 6000 | 0.0568 0.0010 | | 0086 0.0628 | 0.007 
— 
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Hie 


BeNpine To Wes. | 70 


of span, 
in inches, 


inches. 
Calculated 
deflection, 
inches. 
in 
hes, 


aH 


Observed 
deflection, 
inches. 


deflection 


ate 


Caleulated 
. deflection, 


Observed 


J 


In most of the tests, an was calculated from the equation 


calcula 


and M; and are the moment. and respectively, at the tqken 
as differentiation “the | constants may b eliminated and the rotation of the ‘mi 
section can nd 0.08, ame first derivative of the for substituti 
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aforementioned ' ways ‘there is a comfortable margin of safety between the first : 


appearance of strain lines ‘and failure. 


Boy These H-column tests furnish ‘satisfactory confirmation of 
and a accuracy of the secant formula when the conditions are known. 


need, however, of of further tests of this character on sections of different nv 
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o assist in answering of the effect of form in column 
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in Testing — —In this | series a laced channel column, No. 


loads and vides oblique loads. ‘The purpose of the eccentric: load | tests was ra 


ascertain if there was sufficient shear strain ‘present. to increase materially — 

the lateral deflection of these columns. The function of the oblique — 

tests was to supplement the data on shear distortion and stresses in battens and — 


channels of Series (B) with results as already presented. 
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to ‘the web pl planes without t over-strain. It shifted to 


gi 
a 
parallel position with an e eccentricity equal i in amount ght opposite. in sign. 


center ‘deflections and strains ths on 
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cases for safe loads observed -deffections owere less than the calculated. 


This shows that the extra stiffening. « effect of the ‘battens and lacing roe 


included in the calculated deflection more than the of shear 


from extensometer tests of 8, is. noted in all 


~ 


Calculated 


Ril 


Ge 
ne 


e | 


quar 


rs 


nds pe 


In Pounds 


B= Prog 


2 
= 
® 


= 12000 ial! the deflection of Column No. 5B, in Run 


No. 0.0448 in.; in Run No. 2, it. was. 0.0 0431 in. This discrepancy 
E corresponds to an eccentricity. of 0. 036 in. east, or a westward bow at mid-length ne 


— of 0.086 in. Measurements on the column showed an _ average westward bow of 


The marked difference i in stiffness of the batten-plate column (N A) in 


- the first and second runs is attributed to the secondary bending of the channel | ‘ 
o which the deflectom neter dial was attached. In Run No. 1 this. channel 

dial would register the between the deflection of the: column the 

deflection of the “unsupported length of channel. Re the “second run 


channel, being less heavily loaded, would def 


lection Data.—The load-deflection curves for these eccentric load 
Ff tests and the deflection curves calculated by the secant formula (which neglects ae 
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further evidence concerning shear i "in Column No. 5B under eccentric ‘iam 


strain “measurements were made on the top and bottom edges of the second 
and i third lacing-bars from each end on both sides during Run No. 6 to failure, 


From these strains ‘the calculated average stress in ‘the bars, at P/A = 18 000 

Tb. per sq. in., was 1 140 Ib. . per sq. in. ~ At this load ‘gticasts' in the eight bars 
varied from 230 to 2 300° Ib. ‘per ‘in, These data, like the deflection-test 


evidence, ndicate that the transverse shear in the eccentrically loaded column 
is very small. ¥ _The m maximum stress in t the an aes tested indicates a shear 


These general results night hive predicted, as the 
theoretical shearing stress” in column with low slenderness ratio. 


‘this case for P/A = 18 000 Ib. per sq. in., , the 


Pit was instructive. 1 In the test of Column No. 5B, scaling was observed or on the 
concave oute er fibers just below the v upper battens : at P/A = 16 000 Ib. per sq. in., 
an nd failure occurred at P/A = 19000 Ib. per sq. in., by ber nding ‘normal to the 
be ollers. - Column No. 84 deflected normal to the rollers as a unit until the 
concave f fibers 8 were stressed well beyond the yield point then ; the middle 
nsupported portions of channel suddenly buckled, laterally as ; shown in : Fig. 28. 

was not | observed prior to the imposition of the e maximum load. 


_ Additional evidence of the influence of the form of cross- section on the 
“maximum 1 calculated fiber stress is : afforded by the results” of these two tests, 


4 
No. 5B eccentricity ond carried a a “somewhat, higher oad, it 


calculated stress on the extreme fiber than 
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the ‘following subdivisions: 

A) 8 Strengt. th as Related to » Yield Point. ‘was with 
reference to results of tests on columns with slenderness ratios, —, not greater 


than 100 and with flat en ds or flat- end behaviors. It was shown that > 2 


= 50, the average ultimate strength was about 95% of the tensile, yield 


point o the x material composing 1 the col lumn, ranging in quality from nickel 
steel with a yield. point of 56 000 lb. to ‘carbon steel with a 
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about. 88% of the yield Point. _ The great majority of the results was larger 
‘than would: be calculated by assuming an eccentric ratio, 
hy 


eu ser 


ious grades is closely equal to the ¢ compressive 
i “yield point ; that the yield point of material | cut from various parts of a section, aia 
get | prope average 
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tests on pin: -end columns | gave results fairly represented iby. a parabola beginning 
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corresponding to a Gor short of 10% of the stress. 
The unsupported lengths of column components were discussed as regards 
: “thickness of outside plates, and results were given to indicate that a ‘ratio of 


to thickness equal to 20 was sufficiently low. to develop the full 
strength ‘of the column, and that current: practice | was ‘conservative in this 


Column Theories; The Column ina Truss ; Working Formulas—This 


Proposed subdivision was left for a subsequent report. 
ail 22 —The. Present Report —In the general discussion of this report, it is 


proposed to give first “some further data under Part (A), relating to the 
yield point « of the material and to column strength; then to take » up some gen- | 
“eral theories under Part (D) . and finally to present some data and discussion 
nder Part (CG). tests described in Part I are of value mainly as as 
throwing light on va itters coming under Part | 


H AS Revarep TO oF THE Marerian 


i 
88. —Column ‘Strength a and Yi ield Point.—In Tables 18 and 19 are brought 


the ‘results of the tests described in ‘Part arranged to show 


convenient form the relation of strength to yield p point. ' Table 18 gives. a com- 
_ Parison between calculated unit fiber stresses and yield points ; and Table 19, 


a comparison between actual and ‘calculated loads for the ‘eccentric load tests. 
In both tables, three different values are used for the e yield px point: (1) The yield 
- point from tension specimens taken from that part of the section which © 


inteludes the most strained fibers; (2) the | average ‘yield - point 1 for the entire 


4 section; ; and (8) the yield } point we given by the ultimate compressive strength — 


of § short prisms of the columns. Ses. They 


. Referring: to Table 18, ‘it will be seen from the va ues: given in Columns 


a " 3 (8), and (9), that the yield | point values do not differ greatly except i in the 
last group, where the most strained fibers the edges 
yield ‘point of v which is 


greater 
the yield point. In these tests the fiber stress is a maximum at the end of the 


column, and diminishes toward ‘the center so that there i is little or no buckling 

. gg ction. The behavior is similar in nature to that of a column in a structure 
with heavy secondary bending “moments at each end, bending the column 


into an shaped curve, All these. columns were relatively short. 


_ The eccentric load tests show two — results corresponding to the two 

mn 16. _ Those » tests where the deflection 

“was ina ‘directions such h that a of ‘the cross- section ‘was ‘stressed to 


the maximum, or nearly 80, _ showed stresses from 96 to 115% « of the yield point 
» Table 1 18); those tests where but a small part of the section was 


yield: small value of 105% being for a very long ‘column. stated 
in Part I, ‘these excessive fiber stresses are fictitious i in the sense that they are 


not actual stresses, ‘but calculated values based on the elastic behavior of the 

‘erial: 1 up to failure. 
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‘In Table 19 a are given values of observed ve calculated ultimate strengths 


of columns. tested eccentrically, the calculated values being: 
‘different: values of yield- point as given in Columns (6), (7), and (8) « 


based o on 4 thre 


table, Columns (9), (10), and (11) give Tatios- of observed tagt calculated 


stresses. ~The results are. relatively about the same as 3 given ‘in Table 18, 


except 


of the 


that the ratios of observed to calculated loads: of ‘Table » 19 are somewhat less 


than the ratios of fiber stresses to yield points of Table 18; that is, the ultimate 
oads do not show the same relative excess as the ultimate fiber stresses. o ‘This: 

is due in | part to the fect, that i ina column the semaines stress increases ata faster 
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were found. speed of the movable head of the 
machine in the tension » tests was 0. 14 in. per min, as far as the yield point, 


and 0. 028 to 0.068 per min. . in the compression tests. Data on strengths as pre- — 
sented herein. are confined to tests on coupons. 
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‘Columns. H ¥ H 5 (Fig. 31) were cut at the “University “Shops. 
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variations, in ‘the. different properties. are given’ in able 22... Attention is is 
fe called to the. ‘similarity j in range for tensile and, compressive yield point, also — 
to the wide range of proportional limit values. 3 It will also be noted that the 
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difference (2%) between : specimens cut from the edge and from the center, 
although the former were consistently the stronger. number of s specimens 4 


eee angles is too small to warrant definite conclusions. s. The root specimens | 


were, the. best. representatives for the angles tested. In most cases. the speci-— 


mens cut from the toes or edges of shapes exhibited higher yield. points than P 


—The Uniformity of. the Modulus of Elasticity of “the | Test 


‘Columns —By plotting the average strains for ‘gauge lines which were 


“metrically disposed about the axis of a given column, the modulus of elasticity 
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‘tis not intended to give herein any considerable discussion of the various 
colidien formulas, but only a brief review of the various types ‘and some points 


8B —The Buler Formula.—This well-known formula for various end con- 
ditions has been shown by many tests conducted with carefully designed end» 


_ conditions to be correct and reliable under the conditions assumed. is | is 


sed, as is well known, on the « elastic modulus of the material and not on its . 


trength. It is, therefore, apr plicable, if at all, on ly to” lengths in which 


buckling can occur within the elastic limit of ‘the material. ES has proven 


ery serviceable for such slender columns as airplane struts, but in the gen- 
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the longer lengths, i in the study of tests of columns and of column 
‘may approach those assumed in ‘the Euler formula. 
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Calculated by averaging the appropriate results in Colums (9 


For rigidly fixed onda, the for 


r ‘Si same result as by ‘using the half eg tli 4 in Equation (7 ). 
In some respects, it is helpful, in applying a column formula to: 
ticular ‘case, 1 to knowledge of end conditions, the probable 
points of inflection and then to use the resulting “free length” in a formula 


for pivoted en ends. ~ Thus, in the tests plotted i in Figs. ts & and 9 (report o 


19964), the flat- end tests appear to agree, for high values y 5 


curve bg fixed ends for a value of 1.12 J, or for .a free length of 0.56 A and the 


pin-end tests, for 78 that is, in the case ¢ of the flat- end tests, 


the points of inflection were about 0.56 1 apart, and for the pin-end tests about _ 
0.78 1 apart ; the flat-end columns were not quite fixed; and the pin-end col- 


-umns were about it midway between theoretically : fixed and | pivoted conditions 


adcipted, it is obvious that for large values 


~ 


nO 


2.7 
1.7 

0.0 F 


v values nearly a: as low as. the Baler f formula for ends; and 


for columns well | fixed, v alues ‘somewhat less. than those of the Euler for- 

29.—Karman’s and Engesser’s Variations. —These formulas to use 


the Euler m ethod and apply it to the actual | stress-strain diagram 


“material beyond its elastic limit. ‘They also take account 0: of the effect of 
form of section. (i This ‘isar rational method, and fair agreement is found 


C= een theory end test results; but to use it in practice requires the assump-— ; 
tion of a standard stress- strain diagram of the material. — The actual 1 variations 


from the average in this respect. and the variations due to other causes leads 


o the conclusion that the application of these refinements is not warranted in 
“eto oulyy ody aft to tuiog-blaiy = A 
30.— -The Theoretical Formula for Eccentric Loads.—. A very formula 
r many purposes - is the theoretical formula for pivoted- end columns, with a 
‘loads applied with a known eccentricity, the same at both ends, Inasmuch 


as considerable use will be made of formulas of this type in subsequent dis 
cussions, it will be convenient to list herein: he nota ation 

of that already used : 


> 


23 


2.7 
0.0 — 
— 
1 
2m = 
— 
—— 
— 
+ 
3 ol . 
8 
- 
| — — average compressive stress per unit area of column; 
eee. Transactions, Am. Soc. C. E., Vol. 89 (1926), pp. 1527-1529. “ae a 


facto 


adva 
assut 
the « 
readi 
“3 fdier: 
function of frequent occurre is 80 
intensity of bending stress on extreme fiber at center; and) 
total unit stress. on extreme fiber at center on concave side. 
Referring to Fig. 32, the equation of the elastic line i is, 


y =e (tan singe + cos —1) E us 

— to aot #bag bait: rat wig! 


irreg 


‘bas # ne inclination at the end is, 70 amo 


44 
lacing fe = _yield- -point ‘strength of the material, the value of p “approxi-_ 


Tt the loads are applied | centrally, but the e column is initially bent aT an 


mount equal to e at the center, the resulting ‘stresses a are , somewhat less than 

~ for an eccentricity of loading of the same amount, but the difference is not 
y 


great enough to warrant special treatment of this case. _ Where there is both 


eccentricity of load and crookedness of ‘column, both eccentricities be 
_* For full discussion, see work on “Columns,” by E. H. Salmon, prea Technical Publi- 


= 


> 

gravity axis to extreme fiber; _ betoyig 
|| 
— 

— 

— 

4 
ra 


assumed or ‘determined by tn or observations, i 


is 


“5 allie’ of is also in 


the quantity, x2 iy This objection can be removed by the use of tables, but there ; 
is ‘something to be said in favor of a formula that can be readily applied to u 


any particular case. _ Various approximations to the secant formula. have been - 
proposed, the most elaborate study known to the Committee being that by Mr. 
R. W. Hawken,* in which he analyzes about seven different approximations | 
and proposes one of his own. 


4 


_ The accurac cy of of the secant | formula when the eccentricity is known i is well 


indicated by the results of the eccentric load tests of Series (0). The value c of i 
E used in each case was that for the column i in question, but as these values" Bi fs 


varied not more than 3% from the average, an average \ value for this quantity 1 


might well have been used. So far as ‘these t tests are concerned , therefore, the af 
irregularities are of much less importance than Salmon predicated i in his treat- he ie 


hie 
‘ment of this question. Jigme yared edt. edt 


—Fized Ends. —A column with ends: fixed in direction’ at all loads: 
have no eccentricity of loading; that is, if the’ ‘column | is held | secure ely in 
‘alignment by the end supports, there cs can be no ) bending effect at the ends due itd 


ae 


to eccentricity of loading . Asa matter of fact, ‘most columns rigidly connected _ 3 
in a framework are not really fixed-end columns, but are are subjected to a a certain — ry 


amount of end moment and rotation of axis at the end, due to ‘the: action of | 
‘This action will be discussed ‘subsequently ; but 


can exist in a fixed- -end is that (1) to or curvature of 

* “Column pnt and Design,” Univ. of Queensland, Sydney, 1918; see, also, “A lle ; 
plified Column Formula of Secant Type,’ Bulletin No. 300, Am. Ry. 


approximate format proposed ‘Hawken is, 


in which, sec - of (10) i is replaced by quantity, This i is remarkably 


3 


P 


ding, 


i values of — can 1 be directly calculated for various 
values of p, and urves or 


The foregoing formula, frequently known as 
from a theoretical standpoint, af as the “secant” — 
oF ants 1 otner 1ormula n much 
a 
—— 
— 
a: | 
— 
— 
— 
oa — 
| 
(9) 
arn 
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axis of resistance: (2).« due to actual crookedness of the section ; or (8) due 


Ze ‘deta of initial curvature can be determined by the sated general process * 
applied o the eccentrically loaded » pivoted- end ‘The’ mathematical 


rocess is ‘somewhat complicated, , and it will be sufficient to give here ‘the @ gen- 


eral results as contained in Salmon’s analysis. shows that the bending 


stresses in such a case assuming parabolic initial curvature, are, for small 


low loads, or low values of - about twice as great at the end 

e center, like the bending stresses in an ordinary beam fixed at the énds. : 

me sum of these end and center stresses is somewhat less than the center fibe ey 


stress in a pivoted end column of half the length, with the s same ‘initial eccen-— 


ricity. For higher loads, the center and end stresses approach ‘equality, and 


sum the two. differs by an increasing amount from the fiber atrens 


 pivoted- end. column of half length, Considering all the conditions, it may be 


~ concluded that the effect. of eccentricity due | to initial bends ina truly. fixed- 


end column, on the bending stress in the is not greatly different from 


the effect of an eccentricity of one-! -half as much on a pivoted- end column of 


-one- -half the length. This will be very small. aidt- to 


 $2.—The Rankine Formula, —This ° well- known equation is of the form, 


ae in which, Ki is a constant depending on the end conditions and rests on experi- 4 b 2) 
mental determination. For the ultimate strength, fis approximately ‘the yield 
- rather serious objection to this formula i is that, in the nature of the case, tf 


K can hardly be a constant, as may - readily be shown. The formula can be 


WOR 

ptpk —),in which, the term, p —) , represents the 

i 


this 


is all due to bending secs penny ——*—, in which, K’ is a constant 


¢ 

depending on the manner of loading. R: For a uniformly | loaded beam, 


d 


fo. is, the “constant” is to nt It the eccen-_ 


Ree “tricity, 4, is due largely to initial bends and eccentricities, then K is more 


_ nearly a constant, but, i in any case, a failure, there will be a considerable degree 
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too, from the horizontal for. ow values of —. “An 


value of K with proper constants would give a flatter curvature near th 


origin and larger values of p. 

While the Rankine is irratic 

widely used, -onstan results 
tests fairly well over the working range. A common method of adjustment i a 
to use a relatively large value of f 80 | as to raise the curve near the Y-axis and ® 


then to slice off the top by adopting a — limit for p somewhat less ae 


Bel pirical —Many straight- have’ been, and 


till ‘are, i ‘in use. These are usually determined with reterenioy to the yield pa) 
point strength for low values of — ; to the Euler formula for very high v alues; ind 
‘and to results of tests between these. limits. The J ohnson parabolic formula i is 


perhaps the best of the empirical formulas so far as. it goes. gu isa parabola 
having its vertex on the Y-axis, and drawn tangent toa eaitatle Kuler curve. — 


It is not applicable beyond its point of tangency, which is at a point the | Vie : 
-ordinate of ‘whic equals one- -half the ordinate for 0, or p = =if. 
$4.—Shear i in Columns. —Two cases need to be considered : 


(@) 


shear in a column bent in single curvature: his will be 


tem 
maximum at the ends. For the theoretical case of the pivoted: end column 


with eccentric loads, the shear is, from ] Equation 


practical calculations it 1 may be assumed that the column n at failure 


‘is bent ina parabolic curve with an inclination at the end of fan, ee Pare in, Ma 


hence, tan 6, = , and the shear is 


At: the bending stress, fi, is shi peat any 
formula, | f bei ng the yield point and p, the ultimate unit load on the coltitinn:| 
‘Equation (13) gives the shear corresponding to the ultimate load, P. bees ta. 


The shear in column of a truss with rigid joints” where the joint 


m or twisting i is such to ca use ‘the column to” bend in in an 


Pransgactions, Am. Soc. C. E. Vol. 89 1485. 


of bending and hence K will not be a constant, but will increase with an increase’ 
"<0 § in the bending stress, f,. The fact that K should increase with fy, or with » Se 
cal formula with results of tests in the 
a ich, the Rankine formula is seen to eg 
ing ty 
all increasing 
ids. 
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S-shaped curve. 

stresses in the members. Columns subject loads are effect acted 
by direct. forces eccentrically at each end, but of Opposite direc- 


possi 
. 
or pl 
arral 
theor 


bose 


7 to axial stress. The secondary stress (bending fiber stress) due to an. 


eccentricity, é,is f, =p and 22 stress ratio = a. Then, 


will be large only for small values of The» values of will. vary” cont: 

greatly,. being high for short members and in the of the 
truss. In this | plane the value of a may easily reach 0.40 or 0.50, but in a plane i 


1s perpendicular to the truss, 1 which is generally the plane of the lacing, ‘the it 8) 


al ve 


secondary stresses du e to vertical loads will be small, and a value of 0.20 is B. 


robably a sufficiently high estimate. This value gives a shear of =P. 


0 paring this result with Equation (13) it will be seen that it gives higher 


alues of Vv whenev. er — is less than 0.1; that is, for relatively short columns. 


of Safety Method in Deven. —Whatever formula may first 
be used, the logical process in column design to select a formula which will line 


as s nearly as practicable give values of ‘ultimate, strength, or some } point which givi 


oon 


represents the practical ultimate value of ‘the column; then to divide the tion 
resulting value of average stress, P/A, by the factor of safety corresponding to & per: 
that used in other members, , the object being to produce a structure in which will 


all parts will be stressed to failure, or to their useful ‘Himits, simultaneously air 


Be « Columns, unlike other members, are stressed by an amount (maximum fiber cur 
stress) which increases at a faster rate than the applied load, , and hence if they In 


i should be designed so that under working loads the actual maximum fiber stress. 4 
is,s say, one-half the yield point of the material, an increase of load of 50% would 


f produce more than a 50% increase in fiber stress, and the factor of ‘safety for the 


the p, is expressed as an explicit function of f), the working | formula i is. 
. obtained by applying the factor of safety to. the entire expression for p | (the 
numerator in the Rankine formula), but in the case of the secant formula this 
a cannot be done. _ If the factor of safety be applied to. the ‘humerator, ee the 


result will be a a value of p which will produce the assumed fiber stress, f In 


this « 
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this eage,, ultimate: values. of must be and the factor. of safety 


applied to them. | The same comments may be made with ‘respect to shearing 
stresses. of he logical method is to estimate. shearing stresses at or near failure 
and d apply a consistent factor « of safety to such values for design p purposes. <i ‘; As 
T —The Action of a Column ‘in a Truss.- ‘The study of the strength | of 


columns has necessarily based almost wholly on results of tests in a 


‘machine, where the end ‘conditions. have been made as 


or 


arrange end conditions of | any kind so 
theoretical . conditions. . In the case of flat-end tests much shimming has bee 
required to adjust: for inaccurately cut ends or non-parallel testing-machine 


plates. To simulate e pivoted ends requires either knife- edge bearings, suitable — 
for very small columns, or some other ‘frictionless bearing. ‘The | pin bearing 


‘commonly used is far from frictionless, in fact, a pin-en del 


testing machine acts at first like a fixed-end column, and ‘if reasonably straight, 


‘continues s ‘80 to act nearly or quite up ‘to: the maximum load. For pivoted ends, 
the roller device ‘used in the tests describe ed in Part I is probably the best 
practicable arrangement, 


it gives a ‘close approximation to ‘the truly ‘pivoted « end; and because of its : 


definiteness it would seem the most satisfactory arrangement to 1 use in - studies 


for the correlation of tests with theory and for the relative effects of the various aie 
elements of column construction. When this is” all done, however, 


remains the important task of. relating the results of ‘these tests a1 and analyses fe 
on pivoted- end colimns to the behavior of columns in a structure. tei 


so Pow arrive at some judgment i in the matter, it is ‘desirable first ito consider 


first, the action in the plane of the t truss, The effect of loading such struc- 
ture is to develop: certain bending mor 


giving rise to what are usually | known as ‘secondary stresses. “These deforme- 


dons and | stresses are caused by the changes i in a the length of thes various mem- 
bers, and are subj 


will be bent in opposite directions at the two ends, 


curvature; others will be bent in single curvature. "The top chord alien’ in 


a Pratt truss in all panels except the end ones are generally examples of single | 
curvature. . The verticals and end posts are likely to be bent i in reversed curves. 


In any case, the angle of bend at each end is a fairly definite and calculable 


quantity, depending almost wholly o on the axial strains in the various members. 
So. far a as this bending affects the strength of 1 the compression member, it 


is ‘that the worst case is where the ‘bending is of single curvature, 
forcing the apemiber into a form giving the maximum deflection near 


bending action occurs in a a truss, but it is an effect not produced 


in a testing machine. This action ‘may be investigated thecnntionliy : as poles 


, ati e end. These moments | are due to the deforma-_ 
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each 
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In load, P, and moments, M 


the truss asa whole” an within 


the load o on the ‘structure and the load, 


From this i is derived, as i in the secant ast 


dead ‘edt ei 
GS 


closely to the load or to the stress, P. These angles, are fune- 


tions: from which the secondary stresses ‘may be calculated, and their ‘magni- 
tudes ‘may be estimated by expressing them in. terms of the corresponding 
4 bending or - secondary stresses. For : a member bent in single curvature with 


os equal deflection angles, @, at each end, the corresponding secondary « or bending 


Expressing the secondary stress as a ¢ of th he axial stead, 


. in which, a has a ‘numerical value amounting ordinarily, i in the cases considered, 
to 0.1 to 0. 2; and in any ’ particular ¢ case ‘tan 6 will increase directly with | the 


leet ad or the value of p. This value of tan @ may then be used in Equation | 
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‘and, at the « center, ib lan 
De had due to Mairi 
at taf ob jon 


s value 


tales t 


ro 


tak 


which are turned an angle, 6, proportional to the stress, p, 
‘but which are otherwise securely held. If AEN = total fiber stress (yield point at — 


failure) then, as before, sat broil 5 RAL: (Wat 


‘Comparing this with the secant formula for pivoted 


=< it will be noted that sec has been replaced by In Fig. 84, Curve A 


calculations, 06 000, 


‘also. a plotted curve, | 

formula the e half 1 length, corresponding t to Euler’s formula for fixed ends. A 


ec. 
sec — 
cash 


It is'th that Curve B lids: somewhat below Curve C,s showing the 
conditions assumed are not much with 

Tt may be concluded, therefore, that “he sthdaairth of column in a a truss 
under the conditions assumed is not much less than that of a pivoted~ ore 
column of one-half the length. Od as Jud xolqare 
at In the case of columns bent eurve by ‘the stress 
moments, t the bending stresses will be @ maximum at the ends and small near — 


the center, so that buckling action will be very small. "The strength « of such 
columns will ‘be closely” determined by ‘the sum of the direct | and bending 
‘stresses, at the ends, as in the case’ of oblique loading tests 8 given in Part I. 5 ee 
The strength of columns against buckling at right , angles to the plane of 


the case already considered. 


onal 
# 
at 
. (16) 
— 
with This a, 
8 
— 
(19) 
Jered, 
th the 
«(20) he truss 18 not so readily estimated as 1n 


ts and distortions in this. 
small in ‘top chord members of | through bridges ; but | on the other hand » the 
t. lateral members do not offer very great resistance to the lateral Aupeed of 


truss. a lateral can be alized 
‘ion correspond- 


attached are thoroughly very deiinitely in the 


less securely held against lateral bending than against bending in a vertical 


et 


—The effect of the weight of the on | 


‘iano but an approximate es estimate may be made by. comparing the center 


deflection which may occur under the conditions already considered with the | 


center deflection of the column due t o its own weight, assuming fixed ends 


5 The center. deflection, not considering weight, i is given by Equation (18). 
‘Substituting | the value of uM, from, (21), a in 
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— ent 
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ength. "This is approximately. to 0.354. pe er 


aa! fore + te baw dow any 384 (=) rs] 


For of comparison, for a slender member with’ o= 
| shout 108. Assume 648 in., r= 
ele values, 4 = 2.16 i in. and D = 0.15 in., or only teh’ of 


= for which | is. about 75. the same and ¢, the 


deflections will bé , respectively, 0. 42 in. and 0.032 in,” the latter being 7.5% 


“of the. former. It appears, that the effect of weight | of little 


sf 88. —Effect of Obliquity of Flat Ends.—Where dependence i is placed mainly 
“on butted ends, with relatively few rivets in splice-plates, the effect of varia- 


the true angle. can readily be determined the foregoing 


“analysis. the worst condition, that the ‘obliquity is the same at 
“each end, , 80 that the member i is too short along | one edge and too long along ~ 


“the other, the ‘effect of any “angle of “obliquity i is ‘to cause a bending ale 
: found from Equation (19) bs 


va 


in whiek,: = the of obliquity at each end and the resulting 


y This bending stress is to be added to that already found. si In addition, the : 


resulting deflection will have the same effect as ‘initial curvature, the center 
deflection corresponding to the obliquity, 8, 


a1 are depended upon, | that the facing be done. The magnitude 


ap, is, from Equa 
-. For example, assume ap= 2 00 1 
Also, let, —— = 15. ‘Then, 


The Effect —In the case here considered , this effect 
B is of the same nature as in the fixed- end column, namely less than the effect _ 
of one-half f= same amount of deflection in 8 pivoted- end 


The deflection of a beam fixed at the ends is D in which » — the 
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E the | 
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length, and 
column formula one-half the quantity, 


40. —Effect of Due to Shear. —In the tests of Part L relative 
rigidities of various columns in . the plane of the web and at right angles thereto 
were determined, and it was shown, that. in the. case of the laced channel 
columns the shearing distortion in the olane of the lacing was considerable 

under oblique loading. ‘The relative deflections under -cross-bending loads 


_ we re also found, , and in the | case of the laced columns, the observed ‘deflec- 


tions in the Maes of the lacing were nearly twice as great as the calculated 
deflections i in which the effect of shearing strains was omitted. . This } Taises ‘the 


e 


" question of the effect of shearing distortion 0 on | the bending of columns in the 


deflection 


“OL 


at 


_ this in part, tests of Series (C) were made under eccentric pads: pe so far 


as these tests were concerned, the effect of shearing strain on | deflection i in the 


plane of lacing was (see Fig. 28)... Howev ver, this As) worthy. 


wibsyt mao, glum, edt 
yiph Tt will be helpful to compare thie shearing and bending oe IS in a column 


with those i in uniformly | loaded beam. dod edt ai} @ bas. 


From the secant formula, ‘the | total | shearing force, V, at the end of a 
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7 cand, therefore, the shear in terms of the aes stress, oe 
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ylsteruoon guiont jedi bebas ab eno 
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For a beam uniformly loaded, the bending stress is, 
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nd shearing stress per square nch is 


> ch Aan 0 

mi), 


Comparing Equations (27) and (28) for t the same | bending | stress, f,, the ratio, oe, 


-gin @ = 0.79 sin ; 


‘Caleulating this quantity, 
‘the secant formula for ‘ultimate strength, p: ratio 


25s 


‘shear in column to direct stress pus ‘is also. given. odio bos 

TABLE oF SHEARS in AND Beams FoR EQuaL 


od 


ro: 


oe 
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imine te. 

visall In the cross- -bending tests of Part I, the deflection due to shear i in the lace 


columns about we of that due and the wike of 


Was ‘about 20. 


had been made with ‘a shear distribution more nearly 


Tike that’ of a column, it can be shown — the average shearing stress for ae 


‘would have ‘been less shown. 0.8 < 0.8, or % may b 
taken as ‘representing the ratio of deflection due to shear if tested with uniform > 
| bending ‘under a central load. - For the columns teste 


due 
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annel 4 
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the ratio of 


as shown | in n Table : 2, is s about 0. 06, and, hence, the sy opi shear distortion for 

= 0.04 of that due to 

bending. Crose-bending of columns with 50, and with similar pro- 


portions t to these tested, would, i in accordance with Equation (28), have shown 


relative shear deflection of about 3 X — = 0.26; -and for a column o Minne 0, the 


2 


shearing stress for a like bending stress (see Table 27 1) would be about 0. 3 as 
mu ch as in a beam, and hence the deflection due to shear would be expected 


o be about 03 X 0.26 = 0.08 of that due to pure bending a as assumed i in the 
column. analy: sis. For — = 100, the result would be about the same. bats! iy. 
oe gives 2 an approximate measure of the relative rigidity in the | plane of 


ire red to that i in the plane of the webs, - While other Propor- 


i the formula about 10% | less than the value for direct ne or, say, » 26 000 000 


per in. 
by i increasing te value of r, that is, by spreading the channels farther a 


(C) STRENGTH OF Cotumns. AS AFFECTED: V ‘ARIOUS 


Eccentricities in the Wisconsin Test Columns. 
of Measurin a Recanivied ‘end Crookedness—In- order to 
g 
axis of each H- columm, mierometer 


cente 


ee In order to secure some information concerning the straightness of those 


“test columns, two methods of measurement were used. In the more accurate 


method, which was conveniently used on the short built- -up columns, two 


transits were set up so that the lines of sight described ‘north and south planes 


about 18 in. apart; and two other transits were arranged to describe similarly 


spaced east and west | planes. Within these se imaginary planes the column was 
set vertically on a base plate which » was accurately leveled with a very sensi- 


tive » spirit-level. By holding steel rules normal to the column it was possible to 
_ determine the distance from’ ‘each of the four i imaginary planes” to the column. 
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— "te a analvsis is sufficient. to indicate tha . In this case, the actual effect 01 
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ter-points, and at determine 16 OD! 
er-points, de down to determine d the — 
— he column was tt servations, crookedness, obliquity 
— d. From these & of sub da: 


n was determined supporting’ 
horizontal ‘position and m making measurements planes formed by 


fine wires. These wires were spaced fixed distances apar and ae along the 
corners of the column. 


‘The obliquity of the ‘ends of the was determined by m 
the thickness of the shims required under the lower bearing block to produce Ve 


parallelism between the | top ¢ of the column a and the upper bearing 


‘By averaging all measurements in either direction for each | 8 


column, and comparing these ‘measurements with the end means, a 


measure of crookedness 1 was | obtained. only th the as referred 


Ee | — —Eccentricities in H-Columns Due to Rolling. —The results of the center 


‘ot of gravity determinations on n the 8-in. columns are given in Columns (8) and wi A 
Table 28. For columns the values. of for the central axis normal 


“to ‘the web is approximately 0.3, whereas for the | other gravity | axis it | 
10. _ Henee, i in| a short column, an eccentricity of 0.06 in. in the plane of the 


web causes a bending stress of only 2%, whereas the plane normal to 


‘the web it amounts to 6 per cent. - Such eccentricity normal to the web woul 
orrespond to a displacement of the web of about 0. 09 in. : 


x 
with a slenderness ratio of 150, the reduction i in strength due to an eccentricit 
of 0. 06 i ‘in. 1. normal ‘to the web, ¥ would amount to about 5 per cent. In most cases 
inco 


venience in making connections to members, the observed rolling 
 ecce tricities are of importance in these columns. Be 


iid 


4 —Crookedness—The data i in ‘Column (5) of Table : 29, show that crooked 
ness is a far more important. defect than rolling eccentricity ‘in these small 
-H-columns. The bowing in a a plane normal to the web i in Columns Nos. H or 


10 would have caused an appreciable. reduction i in the ‘strength of these 


Fe 35 the ‘crookedness i in : these H-columns has been plotted against the sasha: 
Tatio. The crookedness at ‘section f for the built- up columns has also 
been plotted s against ‘the slenderness ratio in ‘Fig. 36, and the | -erookedness of — 

“oth ‘types has been plotted against the length of column in Fig. 37. iB The 


data show that , for columns of similar length, the built-up columns were the 


2 To enable comparisons to be made, the curves suggested by Salmon* have 


incorporated i in diagrams. ih Fig. 387 Salmon’ lies well abov 
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“In order to correlate rolling. 


‘the found by trial center lading the data i in Columns 


measurements and teal centering was perfect, all the values in Column (8), 
Sf Table 28, would be zerO. However, most of the eccentricities at mi ction 


rom measurement are ‘the data indicate eccentricity can be 


redicted with fair accuracy fro shape and crooked - 
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Fic. 37 —RELATION OF CROOKEDNESS TO LENGTH OF cibaeten, 
UNIVERSITY OF WISCONSIN TESTS. 
on between the measured eccentricities and strain 


— 


was also made by comparing the total eccentricities (meas' sured “eccentricities 
plus corresponding deflection) with the corresponding eccentricities computed 


strain measurements.’ making this comparison the unit load (P/A) 
“considered ranged from ‘approximately Ib. b. per sq. in. for the column of 
maximum slenderness ratio to 20000 Ib. per sq. in. a. for some of the short 


Considering both built- “up and H-columns, the comparison of 


two sets of eccentricities shows that the maximum discrepancy cor 
and, that on the average, 
et ‘the fiber stress difference due to discrepancies i in the values of e would be less 


‘he than 4 ‘per er cent This close agreement furnishes further evidence of the value 
of s ape and crookedness measurements of columns. 


—Obliquity of Ends. —In these data, obliquity of ends means simply 


the difference slope between “two ends of a column. The calculated 


obliquities for the H-columns the measured values. for the built- -up | 


_ columns are given in Table 29. =. ‘There ‘seems to be no definite relation | between | 


~ 


the “obliquities | of H-columns and slenderness ratios. or Jengths. The 
average obliquity: of these columns i is iene igen 003. In the data for the | 


definite conclusions regarding telationshi = 


ricities in Center Loading Tests. 
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ld be m made as as practicable, especially short. 
a ‘differ nee in the slope of the ends amounting to 0. 008 in a iG . 


column ‘diff 


in. wide’ means” a erence in length: ‘of: ‘thé “opposite Of 
0.086 ir in. I 10 ft. long,’ | against rigid end bearings and 
carries: a load sufficient to > bring the bearings in full contact ©, A = 4 500 Ib. 
‘per sq. in., or more), it can re adily be shown sed by the cot 


Length and Width of Column 


shows ‘date from. teste of, chhninel columns 
in 1881.* The maximum fiber | stresses i in (8) Table 30, ‘were 


in the eprreepdnding ‘fabric 


ratio of unsupported length of channel to 


least radius for a single channel. By comparing. ‘the results ix 


that the last set 12-in- channel 

f : = ») and that a buckling failure occurred 


in tests of maximum unit fiber 8 


achment of the 
z (single lacing). . The maximum <aide loads were 29 600 and 32 800 lb. per sq. in., 


for these was 28. Bouscaren’s Colum 


1, failed bend as a:whole a unit load of 82 400. 


Talbot and Moore} report failure of their’ steel Column No: 1 by buckling 
he betwee ng-bars tP/A = = 23 450 Ib. per 


the two large , double -ecolumns,g LC, LC,, with four ribs, 
failed by buckling of the ribs between lattice- bars. F Rae. ‘the column of seen 


was about 27; for the Mayari steel column,.—— was approximately 23. 


4 - Both these columns failed at unit loads below the yield point of the metal 


= * Report on Tests of Metals and Other eee ee 1881. 
Transactions, Am. Soc. C. B., Vol. IX (1880), p. 447. 
—s- $ Bulletin No. 44, Univ. of Illinois Eng. eee Station ; a 
E., Vol. LXV (1909), p. 202. 
i Technologic Puper No. 101, U. eg Bureau o 


umns 
an 
— 
— 
— 
— 
a 
q 7) shows failure loads, P/A 

— 

ments yield point of the channels before buckling t “ony 4 all cases to fe 
00 
icities place. 
— 
P/A) — 
mon of 
short 
shor No. 41, with = . 
cor: | y, and other dimensiéns similar to 
similar to Column 

value 

ilt-up 
tween — 
Wee 
Soc, 
&s 


t 
WITH LTERNATE PACING | oF ly IN THE 


sximam wit load ‘carried by 6-in. channel, 6 in long, was: 42 490 Ib. per 


‘sq. in. . Maximum unit load carried by 8- in. channel, ,8 in, long, was 
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ly influenced by. the character and 


Of the American Railway Engineering Association latticed channel 
- columns, Types A to E (1915 Series) inclusive, none failed by buckling of 
the channels between bars... The slenderness ratios. for these columns 


gle « channel was s only 16. 


Whereas, these fragmentary ds data no accurate conclusion can be. 


concerning the proper limiting value of in latticed 


ta indicate that n no failures primarily due to buckling occurred for values of 


agri less then. 25; Furthermore, in none the cases under consideration, where 


 dthin 


“strength which can be:  ditectl to Weak buckling of the ¢ 
48 — Unsupported Length of Channels Columns (Tied with 


Plates Table 31 shows the principal results of the Ar 


neering Association. tests of 1918 channel columns” tied with: widely 
spaced battens. " Unfortsinatelyy this series ¢ of tests did not include columns with 
battens. spaced closely enough t tod develop. the full : strength of the column. ‘By 


plotting the mane, “> in Column (7), ' “Table 31, against the slenderness ratio 
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48. — Unsupported Length in _ Segmental Columns. —In Bouscaren’s tests 
on Keystone columnst failure “oceurred by buiging of the segments ‘between 
rivets ‘when the ‘unsupported length of the segment ‘was 15 in. “No bulging 
ook place when the unsupported length was reduced to 12 in. For the latter 


length the ratio, for the segment was 27. ody Jad OSE ot 08. 


a7 


Bousearen’s tests also indicate that the ptrengthe: of his 
(metal, 2 to Ye in. thick) were improved by reducing the pitch of the rivets to 
3 in. near the ends of the columns (see Columns Nos. 3, 8, 25 and — 


49 néupported Width of Plates i in Columns.— Aside from the. early work 
of Hodgkinsont and Fairbain,§ and the recent tests of the U. S. Bureau of - 
Standards in ‘connection with | ‘the’ building of the Delaware ‘River 
Bridge, ||_ there” is little experimental data relating to the effect of width of 
‘unsupported plate on its ‘resistance to axial compression. 


In. Column (10) of Table 10f of the Progress Report. of 1926 is recorded 


qawliesl Unsupported width of plate between rivet lines 
See “Stresses in Channels of Batten-Plate Columns,” “Table 12, tad 
t Transactions, Am. Soc. B., Vol. IX (1880), p. 447. 


“The Britannia and Conway Tubular Bridge,” by B. nek! Lon also, the Report 
of Commission Appointed to 5 eg into Application of Iron Railway Strectaren, Parlia- 


Philosophical Vol. 140, pp. 677- -725, 1850 
| Technologic Paper No. 327, U. 8S. Bureau of Standards. 
a Transactions, Am. Soc. C. E., Vol. 89 (2086), pp. 1546-1547. 
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in Tests, of. Metals and ‘Other Materials these Ante, At will be 


ae 


te plates, had r 


32 100 and 85 000 Ib. per sq. in., the maximum’ fiber unit stress calculated from 


loads and deflections varied between 35 100 and 37 600 Ib. peta. i in, and all 


columns save Column No. 379 failed by deflection. » Column No. 879, having 
plates with a ratio of unsupported length’ to thickness equal to 23 and a  Tatio ; 
of unsupported width to thickness equal to 40. 4, failed by buckling of plates AS 
at a unit load of 35 000 Ib. pers sq. in, which } probably is fully as high as sat e 


Suspension Bridge, tests’ “were by] R S.J of ‘the U. 
of Standards, on fourteen '<- columns 10 ft. long, consisting 0 of 'web-plates, 3 35 in : 


wide, stiffened on the ® long edges by four 6 by 4 by ai i “in. flange angles ‘attached 


with 4-in. legs outstanding. The 1 web-plate thickness ranged from 4 in. to 14 
in. ‘in thickness. four of, the thicker webs two plates were stitch- riveted 


‘The ends of the columns were stiffened by 4 by 4 by tin. angles 
and filler- a and were. e.carefully milled to afford true bearings. for the | load. 


Longitudinal deformations "were 


lateral bucklin of the was _measured at nine 
points across each member (four points ‘on the angles and five on the at 


plate) on lines. spaced 3 8 in. along the member 


‘Table 32 gives. the. principa esults ° these tests. Measurements of the 
initial contours of these plates show that ‘there were pronounced initial waves. 


or buckles in the web-plates, in. and less in thickness. The largest waves 
were noted in Webs G1A- -3, 4, , and Web waves havitig 


crests 4 in. on either side of the axial plane were ‘Observed. The contours Or 
the thicker web- -plates were more nearly plane. In the tests of these thin web — 
he presence of these initial waves” (crookedness) t 


Another noteworthy iteili which caused some variation in these tes 
wen the edge restraint produced by the 4 by 6-in. angles. te (The load buckl 


” atl indicate ‘that this restraint was sufficient to. hold the thin, but not the 


thick, plates in line, Therefore, in Table 32 the ratio of width | to thickness — 
of plate has been recorded both for a width of 26 i in. between i inner rivet 


(the 1 usual specifications stipulation) and for a width, of 35.in,, which was the 


full width of. these members. fo be dan ai 


from the load buckle curve of the column 3 
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(5) Table 32, have been plotted against the 


that in most cases t “proportional limit: members 

aving webs 3 in. or more in thickness, was reached prior to buckling. The 


record | indicates that variability i in material and crookedness “were. influential 
creating the low buckling values of Webs 1 and. _ Web @3- 
fairly plane” web-plate, carried 95% of the proportional limit of 


rial before bucklin became pronounced. _ 


of 


Proportional Lima of 


Thickness of Web 


formula’ for the calculation of the ‘unit load, at which lateral 
buckling will occur in an axially loaded plate ‘obtained discus- 
si sion® on of ship under axial thrusts,’ is, = att 
(29) 


— 
— 
— 4 
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= 


m = 0.25 and 30 000 000 Ib. per. i 
In these tests the averag ‘proportio: al limit of the web- -plate sill 
700 Ib. per sq. in. that value be substituted in the is. 


ound to be 53. This limiting value i is indicated by the cross in Fig. 38, _ For 
this ratio, elastic failure would occur simultaneously’ due ‘to compression ‘and’ 


in. plates and 1366 hes Fron 


than 


ix ana oF two ways: aE If the width of the plate is not too. great it will fail Bont 
= oe by direct compression, and failure will commence when the fiber wa 
agar stress reaches the elastic limit of the material; (6) if the width pe 

is large the plate will fail by lateral buckling before the unit rt Alam 

load reaches the elastic limit the material in compression pies 


rae 3 steel plate may have without reduction of its compression strength 


fog 


the stiffness ‘of the is high, w should be 


taken equal to the distance between the. rivet lines. . » When ‘thet 
Web- -plate is more than § in. in thickness, and the restraint along 
the edges i low, w should he made the full width of the 
leulate the. theoretical. limit of 


metal’ plates the elastic limit for “but 
suitable reduction should be made to allow. for crookedness. and 
4.—Stitch-riveted double web-plates appear to Q as strong as single- on 


plates. of equal quality and thickness. 


—Unsupported Width of Outstanding Flanges in Compression, —Fror 
analysis supplemented b by tests, Réark* has shown that if | a flange of uniform, y 


thickness, t, and perfectly restrained along one edge,. is subjected to ‘uniform 


compressive fiber stress, ithe edge WP buckle ‘when the, 
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Engineering Record, Vol. 68, p. 722; Vol. 74, 


hacking Ww simultaneou sly occur, may be 


™ 


mit of 30 000 Ib. per ‘sq. in. for structural steel 4 

— == 24. Hence, allowing for imperfections in such material, if the unsup- — 


_ ported width of the outstanding flange is less than « abont: 20, te. flange : should 


—Lateral Connections.—The adequacy and of connec- 7 


ions between the longitudinal components of ‘a ‘column is one of the most 


important elements of column design, and one of the most difficult: to deter- 
mine either from, analysis ¢ or experimentation. _ Assuming integral action, the 
tests and analysis heretofore | given indicate that the strength of a column ¢ can 
be closely calculated if the end co conditions and the yield point of the ‘material 


aré known. Integral action of built- “up columns depends, however, 


effectiveness. feral connections, and ‘this is a function | not only of the 

"strength of such connections, put also of their stiffness. or. rigidity. The 

_ theoretical analysis given in Section (D) shows that ‘there are two auite 
= _ differen conditions under which | ‘the ‘shearing stress to be carried by lateral 

connections may be large: Relatively long columns bending in ‘single 
curvature; and (by ‘relatively short columns which” are subjected to heavy 


by the bending moments at the joints, either from 


initial, sinky ibe considerable, but a central load is 
hardly’ to be realized in- the case of a column forming a member of a truss. 

: a The ‘worst case of shear stress is probably the relatively short column sub- 


jected to moments o opposite sign at two dita’ ¢ giving the effect of an obliquely _ 


2 


.—Laced and Batten- Plate Columns. —The oblique ‘Toadin ing te tests 
in Part I. were undertaken for the particular. purpose of : securing information 
regarding the stiffness and strength of lacing and batten-plates of relatively 
short columns under oblique loads. _The results there obtained under shear-— H 
ing stresses 6f 2 to 5% of ‘the direct stress are useful as bearing on this. 
problem. The relative stiffness: is clearly shown by the distortions. 
batten- “plate columns were naturally the. most flexible and the weakest, 

e shearing stress of 5% is very high, ‘and is not likely | to occur except | 


the case very short columns. under’ abnormal “conditions. For more 

values, such as would ‘the ordinary case, the batten-plate 
column may be a satisfactory and economical design ‘More anid experi- 


‘The laced channel columns under obli loadin sl wed no ‘unexpected 4 


Ps behavior. ‘The very thin lacing felled at t a value corresponding to its strength” 


ae w’ is the unsupported width of the outstanding flange. If pbe ff 
ee made the proportional limit of the material, the ratio, —, at which failure due | | 7 5. 
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q reful strain measurements: 
in n Par t under both 


central and oblique and similar measurements also been made 
by other investigators. § Such measurements give } valuable information regard- — 


ip- ing stresses due to eccentricities and other causes not subject to calculation, 

la and which have a bearing on practical design. 
= te Although | there is no shear stress in an ideal column axially loaded, various 


defects in the column and method of loading cause ‘such stress in The cen- 
-trally loaded column of practice. Information regarding the importance of 


stresses. in laced channel columns is afforded from the tests of Talbot 
and Moore,* from the American ‘Railway Engineering Association | series, 


and from the recent tests at the University | of Wisconsin. 
All the « columns herein considered | had single lacing save the Talbot and 
Moore Column No. 2(a), which had double lacing riveted at mid-length. “The | ie 

columns tested by Talbot and Moore had pin ends: with pin axes parallel as 
the e lacing; those of the American Railway Engineering Association series | had — 
"square. ends, those tested at the University. of ‘Wisconsin were loaded 


through roller bearings. with the axes of the rollers normal. to the lacing. 


; Additional data on the properties of ‘the Wisconsin columns may be : found i in md 
‘Table 1 and Fig. From the st: train m , considering be 


29.000 000 Ib. per s sq. in, , the unit stress, 8», in the most stressed bar - of e ouch ee 
of thirty different columns, has been ealentated and recorded i in Column (8) - < 


of Table 88. ‘corresponding excess shears, V’, found in Column (9), 


in which . A» is the cross-sectional area of the lacing-bars in a given panel, 
s a column, and Oy is is the inclination of the bar to ees 


ratios of these calculated ‘shears the Tondo on 1 the 

ly 

in Column (10), Table 88, 

ed 

an of rey columns are likely to be eer stressed than the bars of long ' 3 

sly columns. This is undoubtedly due to to ‘inequalities he 

his it 
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-, corresponding to the most stressed bar i in each | column, were calculated — 
and recorded in Column (7), Table 34. Then the exc 8 shears, V’, and th , 

Pr “ratios, — , were entered in Columns (10) a 


tests wade In a similar manner, the 
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Bar had an initial bow at middle of 0.01 in. outward. | 
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Bie it will be observed that only 5 columns out of 30 tested exhibi wre \ 
“strains ¢ corresponding to values of larger 0. 02P. x For loads: less" ‘than’: 
the ‘maximum, 

“corresponding to vahies ‘of V’ in excess of 0.03 The high valus,: 
0. 105P, for Column No. 17, at a unit load of 15 000 lb. “per sq. in » appears 
abnormal. | ‘This conclusion is substantiated by the fact that the strain in 


jected to higher | loads. In one bar of No. 58 and one of Column 


No. 66, high strains were measured at loads - near the maximum, , but there 
is no evidence recorded that weakness in these: bars caused failure. 


bow) 


at 


© University of IMinois Tests 
_ @ University of Wisconsin Tesi 


t in the Illinois tests where they were made on opposite faces. A 


except 
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Sleiderness Ratio, 


pur 


Toad of 150 000° Ib. (8 060 lb. per sq. in.), is attributed solely to weakness Wiring Ss 
the lacing-bars. Since these flimsy bars when separately tested failed under 
“compressive loads. of 2100 lb., Talbot and Moore calculated the “equivalent 
shear i in the ‘column at bar failure to have been Vv’ =0. 0. 025P. ing ee 

‘The data in Columns (6) and (11) of Table 34 show that in  midet case: 


where | the calculated stresses and excess shears were » high, the bars had initial 
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* Calculated from strain measurements made oni 


ens 


no measurements of crookedness in the Inches were reported in 1 the ‘University — 
of Illinois 01 or. American Railway Engineering Association tests, no estimate o of 
the effect on “measured strains can be made. It appears likely, howeve 
from 1 the results of Table 34, that the high values recorded in Table 33_ for 
“certain American Railway ‘Engineering Association columns were enlarged 
an again to the results of the Wisconsin tests on obliquely loaded 
laced columns, it will be recalled that the maximum 8 stresses in excess of these _ 
ealculated v were found in tension bars (Table 9). Furthermore, it. will be 
“recalled that in only the abnormally thick bars of Column No. 6 6, carrying a y 
mall | strains which ‘difficut _to measure accurately, did > compression 


ars exhibit stresses ‘much i in excess s of the load | stresses. 


+ Bar had an initial bow at middle of 0.01 in. 
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: 
indicate that under 1 ieee definitely known shears the 2 stresses: bine 


in the. lacing-bars tend to approach the calculated v ralues under the highe 


in design” the excess stresses shown in Table 34, Column (11), 
indicate that the ‘obliquity should be liberally | estimated. Under nominally 


central loads the stresses inv will be considerable and larger 


= 0.015P to 0.02P, “with larger values for the 


“shorter lengths. 


ences in channels of centrally loaded laced thus determine ‘the 


‘train measurements over r the gauges. hee show, for unit 
P/A, of approximately 15000 Ib. per sq. in., that this ‘stress ‘difference w was 
usually less than 1 10%; i in Column No. 6, the worst case, » it reached 20 per cent. 


‘bh. Strain Measurements in ‘Lattice Systems of Large Bridge Columns.— 
n the tests of large bridge columns reported in Paper No. 101, 


members of several of the columns. The results of some of these measure i 


ments are given in Table 35, in terms of the stress | per square inch. All the 
olumns listed had ‘longitudinal diaphragms except ‘the last two. All had 


transverse: diaphragms. ‘The ‘columns: of the first three types were provided 
with double lacing set at 45° with the column axis; ‘Columns of the first type c 


had no t transverse bars. Columns of the second and third types had transverse 
at each which restrained the lateral ae the outer 


connect each outer rib with the hp inner 1 rib. 


f 60° with the column axis. The i inner ribs were connected by the tie-plates 

placed at each intersection of the lattice-bars. - Column LC LC, (carbon steel) 

had four were tied on both in a manner similar to Column 


nee, except nekz the batten-plates, t to the outward ‘bending of the flanges which 5 


results from the pantograph action of the latticing when the column i is under ei 
 eemaaianaie stress. The result i is that the lattice-bars show very little stress 


(1500 to 2.000 lb. per sq. in. asa maximum), except in the panel next to ‘the 


batten- plate where the ‘maximum stress observed ii is 18° 400 Ib. sq. in., or 


| 


in the lattice-bars w were very showing same outward as at 


3 |. The columns of the next two types, having transverse se bars, she 


able compressive stresses in all lattice-bars and tensile stresses in all transver: 
bars. The tensile stresses” in the  batten-plates (in a transverse direction) are 


relatively large. These results show the general tendency of ‘transverse | fe 
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_* Failed by lateral bending of forked ends. 
+ Only one bar 


| 
t 


and thus to prevent some 0 of the 


diaphragm appear to much effect on a this action. 


_ The strain-gauge measurements on the lattice s system of Colum n Us, MS, . 
and Column LCO,LC, ‘were not sufficient afford detailed the j 


stresses. measurements made’ on Column US, MS,, “it is apparent 


that the lattice- bars suffered considerable flexure i in their own plane, also that 


Column LC,LC, (carbon) "and Column L0,L0, adie yur that the 
lattice system was. insufficient to develop integral action between the several 


ribs, 4 and that there was considerable secondary bending stress caused at the 


ends of the lattice-bars by the rigidity of the riveted connections. — The ratio 
ot ultimate | strength to yield point, as shown in Column (4) of ‘Table 35, is 


a neg 1 for Type | 3, and | nearly uniform for t the he various « columns | ‘of Types 
_ last type was relatively due aj apparently to the weakness 


a double lattice system and the. constrictions 
Fi produced by tie- plates at the code is afforded by measurements on ‘Columns 


TC4,, TC5., and TC6, , which we were tested in 1912 for the New Quebec Bridge.* + 
Columns and TB, consisted of two built-up channel sections with 


ransverse diaphragms at the pin -plates and double Jattice without - transverse 


bars. Column 7'C5, had some intermediate diaphragms also. — f Each rib in these 
columns ¢ consisted of two 4 by . 4-in. . by 8- -in. angles turned outward and as 22-in. 

by -in. we plate. ‘The lattice for Column TC4, of in. by Ys-in. 
bars; for Column TCS, it was made of 4 -in. by -in. bar 


Column had two iz. --shaped ribs each made of by 4in. by in. 
ngles 1 united by a 24-1 -in. by in. web- -plate. The ‘ribs. “sia connected 3 


‘ their axes by a longitudinal dia) phragm, 16 in. by # in. in section, which ‘was 
attached to the x ribs by four 4 3-i in. . by g-i angles. A double- -lattice system 


A 


made of 3-i “in. by -in. bars was to tie each pair of flanges. Transverse 
diaphragms w were also sup plied at intervals a along the column. 


" ef means of the strain measurements taken on transverse gauge = 
: ‘separated about 1 ft. along the axis of the columns, it was found that spread- : 


ing at the edge of the tie- -plate for Columns TC4, an nd TC5, amounted to 


about 0. 008 in., and at 13 ft. from the plates, it was about 0.01 in. In Column | 

TC6,, ‘equipped with the longitudinal diaphragm, , the strains were about « one- 

fourth | of these values. The measurements ‘that the ribs were bent 


concave outward at the tie- -plates and and convex outward for the length of the first 4 


“panel of lattice. Calculations of | stress showed that the bending stress at the 


tie- plate ‘augmented the direct cor compression in the ribs of Columns TC4 a nd 


a 55. —The ‘Effect of Diaphragms on Column Strength. 


ig. - Longitudinal Diaphragms.—A_ good example of the value of a a longitudinal 
_ diaphragm is afford by a comparison of Columns TC4, TCS, and TC6 of the — 
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described 4 in aainliaitng’ str ony in lattice. The lengths of these columns were se : 
the same; all were equipped with double lattice and transverse bars; but. only : 


Column ‘TC6 had a longitudinal ‘diaphragm. — ‘The principal results of these 
tests are summarized in Table 36. Each 1 result r represents two tests. 


thickness weight to cross- “point ot to yield 
estimat Sectional area, of to weight. 


are many Vv variables other than the effect of the longitudinal diaphragm which © 


affect yet it seems probable that of the 


Attention is also called to the ‘comparisons in in Table 37. Although ‘there 


In test Column BHC1 ‘(echnologic Paper 101, 


tension in the diaphragm would re expected to is greatest. we 
lb. per sq. in. 4, the unit axial compression was 0.00111, and the unit lateral 


extension was 0.000375.. ay If Poisson’s ratio was 0.30 and E = 29 000 000 Ib. 
per sq. in. for this column, then the axial compression was: 381 600 Ib. per sq. in. 


and the. transverse tension, 2 340 ‘Tb. per sq. in. These ‘results show that the 
diaphragm was participating in carrying. the load and also sustaining a small — 
amount of transverse. tension. The ribs were spaced 164 in. on centers, the 
diaphragm was vs in. thick, and a double lattice of 3 by }-in. - bars, with 4 by 3-in 


by Ye-in. angle transverse ties, was used. Assuming the tensile stress uniform 


over a length of diaphragm equal to the rib- -spacing, the total transv TE ne fs 
that portion was 16.5 X re X 2 340 = 16 900 lb., or about 0 0. 13% of the column 3 


Stresses at Diaphragms, —The ratio of the’ sp pacing c of transverse 
diaphragms to the unsupported widths of the adjoining web- plates, and the 


‘position of these diaphragms with respect to the lattice intersections, a1 ar 


factors which probably greatly affect the stresses near the. diaphragms. 
‘containing a systematic arrangement of these variables i is wanting, bu 


‘measurements made the Quebec Bridge | tests are ‘of importance in ‘this 
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oF the lattice. ieadings of strain in the 


“fibers for gauges spanning the diaphragm were from 7 t to 14% higher than the 
stresses in adjoining gauges on the same fibers. These data show that the 
diaphragm» offered restraint against the outward thrust of the lnttioe-bars., 


Consequently, the rib flanges were thus bowed concave outward at the 


_ phragm in much the same way as at the end battens. c ‘Measurements on on Column n 
which had shaped ribs and a longitudinal diaphragm, failed to 


any - marked discrepancy between strains across s the transverse diaphragms and 
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phragms ° were similarly placed, but the center « diaphragm was attached at 
panel points of the lattice. Measurements of strain along the edges of the 


center diaphragm in the plane of the lattice g gave the results shown in Table 
38. It will be noted that bodes are somewhat greater in the fein, 


diaphragm of Column U,U, an ‘in. n the tin. diaphragm of Column U 


This “discrepancy is. the difference in the ‘Positions of “the 


diaphragms with respect: to the lattices. eal £39, gilt otk tye sat Dans, 


3 
| Unie load, P/A, in 


| | 


The results of tests and the theoretical studies contained i in this report ma : 
be briefly, as follows: to edt wiapilde odT (Er) 


(1) When correctly interpreted, the average tensile yield “point of the 
material is a satisfactory measure of the ultimate strength of columns, except — 


for columns having high values of the slenderness ratio, in which buckling 
takes place at stresses below’ the yield point. fo, (OL) 


sy columns 


(2) The shearing rigidity of columns varies greatly as between co 


(8) The strength of single lacing-bars in resisting column ‘shear can db 
determined approximately by —_ on ‘single bars, in the manner set forth ie 


(4) Columns the component parts of which are connected by batten- plates 


‘iil be subjected to relatively high stress i in the extreme fibers of the individual : 
"segments. - Under loads producing small shearing stresses, the tests ‘are 1 no 
conclusive as to the advisability of batten-plate to 
(5) Under loads the eccentricities of which are known, the results of tests 
check very closely with theoretical results. (Bh) 
(6) Eccentric load tests on H-columns showed a very considerable excess — 
of ultimate strength over that determined on the basis of yield point in the 
; “case where the eccentricity was in a direction perpendicular to the web, so that 
the most stressed fibers were on-the edges ‘parallel to the web. “This excess 


strength was. yin general, greater the smaller the slendernes ratio, - 
(7 On a theoretical basis,. the of a column in 


Bio}: 


Column U,U, (Technologic Paper No. 101, U. S. Bureau of Standards), 
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of olumns t Such: of. 
may be caused by this increased flexibility. pre be overcome by an increase in 
_ the corresponding radius of gyration. __ 


ae (8) The results shown in the Progress Report of 1926 to the effect that ‘the 
tensile , and compressive yield points are 2 very nearly equal, are confirmed by the 
9) The yield point of the material. varies considerably according to the 

( location of the specimens in the section. For H- columns, the specimens cut 
ae from the intermediate portions of the flanges . appear to ‘represent t the section 
best. For channels, the web specimens were most representative. For thin 
plates, not much difference was found between specimens cut from the edges 
and those cut from the center. oF 5 
0) ‘The value of the modulus of elasticity of the column as a whole is 


of the column as bending in the plane of 
the truss is much greater than that: of a pivoted end column, and approaches 
rather closely the strength of a pivoted end column of one-half the length 
under eccentric load, with eccentricity corresponding to the secondary bending 
moments assumed in the analysis, 

Kia (42) In the case of columns forming compression members of riveted 
mee ructures, the effect of eccentricity due to crookedness and the effect, of weight 
as regards bending in the plane of the truss are relatively small, the effect of 

_ erookedness being less than one-half that due to the same amount of crooked- 
ness in a pivoted end column of one-half the 


SG (18) The crookedness of the columns tested was, in most cases, less than 


1/1500 of the length. All columns were fabricated under standard American 
Engineering Association specifications. 
deri _ (14) The obliquity of the ends of ‘columns 
by end-bearing i is a matter of f importance, As 1 measured by. eae, of one 
end with respect to the other, the average obliquity of the H-columns tested 


was found to be about 0.003... fo lev ob 
(15) A study of the existing data relative to the fail ure of indi ividual 


column components: shows. that in laced channel columns, no 


where the ratio, — Py was less than tests ‘studied were, however: too 
: limited in number | to be at all conclusive. oT (3) 
(16) The tests made by the U. S. Bureau of Standards for. the Bivens 
- River Bridge Commission indicate that a safe ratio of plate width to thick- 

; 3 ness for structural steel is about 40, provided the width is measured between ¢ 

rivet lines and the plates are well restrained at, the edges, 
a) ) Under perfect conditions of support at one edge, outstanding. struc- 

“ig steel plates or flanges may be expected to. carry the full proportional 
a4 limit stress of about 30000. Ib. per sq. in. without buckling, provided ‘the | 3 
ratio of outstanding width to thickness is not greater than 20. | 

(18) The stresses in lacing are likely to be considerably greater than those § 
to calculations from shear; in centrally loaded columns (shear, = 0) gen- § 
erally they are greater by an amount from 0.015 to:0.02 P, and in. obliquely 

_ loaded columns, by 0.015 to 0.03 P. For loads approaching the maximum, the 

_ stresses in the lacing-bars approach mo more nearly the calculated values. ' 
(19) The action of double lacing without transverse bars forces the ribs 
of a column apart, and introduces considerable bending stresses near the stay- 
% plates. With transverse bars and double lacing, this action can be reduced, 
but the lacing will then receive considerable compréssive’ ‘stress,and this 
"arrangement involves details waich respects.” | 
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‘action of the several ribs of a large member by means of | 
itudinal alaparag r cover- plates are more effect 


Revarive to Furure Work 
From the studiée x made thus far, it seems evident that further investigation 


of columns may well be ‘donatdene’ 3 in two parts: (1) The strength and effec- 
' tiveness of lacing, batten-plates, and ‘diaphragms; effect of form of section, 
‘outstanding flanges, ete. 5 unsupported length of component parts; and othe 
details affecting integrity of action; the conditions of the 
as a part of a | its end conditions, -crookedness, and the effect 


| truss ‘The first group of can best be made with end 


ane of § known, as by the use e of roller- bearing blocks; the ‘second group can only be aes 


made by studies observations of actual columns and trusses. If details 
eng 


are e designed to secure with certainty integrity of action, and then if the 
_ ’ conditions of the column i in | the truss are known, it would seem that: the ‘appli 


cation of theoretical } principles i is the 2 rational process ¢ of design and is quite — 


as well warranted as in the design of beams. The attempt to study the entire 


problem by the » customary flat- end test is § a slow process, eee does not yield 
results that are readily analyzed and applied. 


Further needed information | can be secured regarding the first group 


problems by a ‘moderate expenditure for test specimens and laboratory work; 


the second part of the problem is more difficult, and will probably require ¢ a on 
considerable amount of field work. 


G. E. Larsson, 


‘tional 
the 
| those 


(20) Tests op large | SRARCH 
at the embers 9 
by the » difficulty in se 
eral 
ection — 
t thin 
ed 
ei iH 
ect of 
ooked- 

3 
‘thea 
erican 

argely 
f y 
at - va tm 


outs 


Tes 


es 


= 


“AMERICAN ENGINEERS 


_PAPERS Al DISCUSSIONS. 


statement ‘made or opinion. expressed 


EXPERIMENTS N “MODE! 


PIT 


L ©. R. A. Monrog, Memaers, Soo. 0. Et 


C. Sreeuet a AND R. A. MonroeE,§ Au. Soo. 0. (by letter). 


Floods of unusual magnitude occurred in Pit River during the latter part of ; 
March, 1928, and afforded the opportunity of observing and photographing the 
action of the bafile- -piers at both Pit No. 3 and Pit No. 4 Dams. . Th maximum 


flow over Pit No. 3 Dam was approximately 15 000 sec- -ft., with 
over-pour of 6.3 ft. (Fig. 64). At Pit No. 4 Dam the dis charge was approx 


mately 17 000 sec- -ft. and - the maximum depth of over- pour | was 11.5 ft. (Fig. 


5). The stilling action ‘of the bafile- -piers at both dams was highly satis- 


fact tory. 
should be observed ed (Fig. 66) that at No. 3 Dam the two splitt 


piers are only’ half-piers and the sloping wing- -walls W were not provided with 

“baffles. At the left. wing-wall the water which was defle eted trom the end 

‘bafle-pier combined with the water passing directly between the half-pi 


‘the wall ‘and: intermittently climbed the wall (Fi g. 64). This action was 


“expected but is not considered to be of serious moment because the volume oils 


x | Gites which | rides the wall is quite small. It may be necessary at some futu a a 
thie to increase the side-wall ‘protection at this particular locality by placing 
-tip-rap on the e bank above the existing concrete wing-wall. 
At Pit. No. 4 Dam it was _ observed that, for the flows noted, no 


“results occur on the depressed | ‘apron side, which indicates” ‘that the deeper 
7 stilling-pool is is of little ‘consequence. Unfortunately, the baffle-pier on 
Shallow side next to the right wing- -wall was not constructed because of its 


Pare 


on under the diversion flume. In addition, the right wing-wall i is sloping 
hee, ind ‘set 


contras ed with the vertical side of ‘the at the 


te 


tinued from October, - 1928, Proce 
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Dam shortly y after: the flood had parr 


Fig. ‘indicates the location. and extent of certain ‘pitting and 


erosion which had taken place since the completion of the structure. _ About 
midway | between each. of the splitter, piers, small holes from 3, to 12 in. deep | 
had developed ' apparently by the grinding action of rocks ye and held by 
the eddy which probably existed at this point. idta Approximately. eu. yd. of 


and débris. were left on ‘the apron. at the of the construction, 


~The faces and edges of the concrete piers show no erosion whatever except 
that two of the corners of the down-stream pier ‘near the left -wing- -wall were 
chipped | to a depth of 3 or 4 in., presumably by large rocks from slides which 
A developed on the hillside above the wall. Several large rocks which evidently 
came from location _were found lying o the apr on. These sl slides were 
a due to a ‘saturated condition of the hillside o _ gpoeatone by heavy 1 rains ) and, 
The efficiency of th bafile- pier, designs in preventing erosion is indicated 


by the condition ‘of the ‘river bed. below ‘the conerete apron. 


Bes area of limited jopeicly the right side has been scoured out approximately 


left on the apron was constructed from 


slides on the hillside’ above the wing- wall, as previously noted. The area 


ex exp y Mr. Ewald* confirm ‘the. results of 


experiments in the Pit “model tests. It i is belisead that baffles of the shapes 


5 and i in the locations shown i in Mr. Ewald’s experiments might form an obstruc- 


be tion which would be subject to considerable shock. In, the Pit River experi 


ments it was soon ‘observed that the best results were obtained by forcing the | 
water to dissipate ‘its energy within n itself, the splitter. and baffle- -piers being 
placed rather far apart and acting more as guides to create cross-currents 


which would be largely ‘directed against. each other. Observations, 


confined to surface indications, indicated | that. the water ntire 


depth was under great tt turmoil, ‘and ‘that _the major Portion of peti 


energy was being destroyed by this action. _ Generally speaking, it is admitted 
that. obstructions to. the free and direct: flow of the water. away. from the. dam 
should be avoided, but ‘it is. ‘obvious ‘that special © conditions ‘encountered L at a 


particular dam site must govern. As previously | stated, the. foundation and 
_ viver-bed conditions of both Pit No, 8 and No. 4 Dams were quite u1 unusual. _ 


i Int the Pit model experiments t the , control, weir mentioned ed by. Mr. Ewald and 
thers was placed at the lower end of the apron and at the. point, of free ‘fall 

to the stream bed below. — i It was thought that this would simulate the natural 


barrier offered to flood waters by the stream bed below the aprons of the main 


_ structures. 3 No such control weirs were actually constructed and, consequently, 
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It is felt that the appearance of the surface and movement of oaveate of 


_ the water, a study 0 the action in and about the piers, and, | what j is perhaps 


‘more to the point, ‘the smoothness of the flow immediately down stream, should 
afford a reliable indication of effectiveness of the ‘stilling device, Ad close 


mee 


: study of the photographs of both tests and actual floods, such. as ‘Figs. 64 ‘and 


65, cannot but impress one wi ent results from the ssn of 


Dam and those of the Pit River lie in the and the 
‘piers and in the bucket of the dam. It is thought that the Pit River design 


vill ause a destruction of a greater percentage of ‘the energy within . the 


water itself. "Published. data on the Spillway were” studied ‘with A 


Papers.]__ sTEELE AND MONROE ON EXPERIMENTS OF PIT R 
— 
the 
stream bed itself”, and more conclusive evidence regarding the advan 
antages of this design will’ be available after several years of 
performance. Results of three years’ operations o 
— 
| 
it 
periments described by Mr. Shermant are very instruct 


n Dam are » exceedingly and enlightening and ‘the plan adopted 


desing the greater part of any year | should undue scouring ¢ or cavitation take 
42 place. ‘The w wide distribution of the ‘falling water below the dentals | should be 


ig effective in 1 preventing « scour, and there appears to be only. one objection q| 


to o this layout and this perhaps applies to almost all types 0: of apron arrange- 
ments. ‘Iti is thought that under large flows a hydraulic j jump might be formed 


from 
seg the dam oe in all probability, no serious s damage would result, One 


The principle of concentrating the ‘of a amount of energy 
F directly over or in the vicinity “of ‘the toe is, i in general, open to” objection. 


‘This feature was given serious consideration i in the — for ‘the Pit River 


a ‘consequence, the of cost was considered to be of less than 


owever, in the case of Pit t No. 4 4 Dam, the use of a stilling- 

was considered feasible and e experiments were carried forward in an 


r to secure at minimum cost. These experiments: 


tH 3 -in. steel-plate noses, and no concern has been felt regarding the sanhte 

an - danger from floating logs. This might be more of a problem in other sections 

ee £ The data submitted by Mr. Parshall+ relative to the Hallig an Dam on the 

4) 


Ne orth Fork of the Cache La Poudre River are very interesting an indicate 


hat in some cases ‘the scour on an unprotected foundation below a relatively 


high dam may be of little consequence. The determining factor i is without 


doubt the hardness or the resistance of the foundation to ‘erosion. This 
cannot always be discovered by inspection, and, in some instances, over- ‘pour 


- dams founded « on apparently hard rock. have suffered extensive erosion. This 
particularly app ies in cases ‘where the over- ‘pour is not confined t¢ to the Call 

of the dam, but is allowed to spill across | the entire cre st length, in which case 


erosion of the canyon walls and the abutments i is probable. — aclted 


bd Am. Soc. March, 1928, Papers and Discussions, p. 857. 
P. 1553 
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STEELE AND MONROE ON EXPERIMENTS OF PIT RIVER 


“The! desorption Mr. Ww nter* of t thd “Martin: ‘Dam Sp Which 


embodies a -return- at the apron, is of interest. “Do ubtless such 


an installation will reduce the effective head at the end of the apron.’ The 


directing. of the water sheet downward at jump-off seems important to prevent 


pt 


the over-pour sheet from hurdling the piers and it is believed that for all flows Se 


over the Pit River Dams the water sheet will plunge the ‘basin waters: 
rather than be deflected and perhaps ‘carried along the “sur ace. It is 


| 


"necessary that there be sufficient relief below to permit the reversal of the flow 


mentioned by. Mr. Winter. ‘During the model tests the existence of a “reverse 


ty current was verified by the movement of chips of wood thrown into the stream 


distance below the jump-off. exp xperim: nents ‘and ‘action du ring th 


— floods clearly indicate that the hydraulic j jump more ‘nearly approache vee? : 


the toe of the dam as the discharge increases. 


U ndoubtedly ; a more precise means of recording the results of the Pit model 
% tests than is afforded by photographs, such as Figs. ge and 65, would have been 


warrant the construction of a model stream channel below the dam and ‘the , 
nstallation of accurate measuring devices, Also, the storage above the test 


dam was too small to make it possible to maintain a constant head for any 
ngth’of time over the spillway crest for other than comparatively small flows. 
_ The principal object of the tests was to confine the hydraulic jump close 


to the toe of the dam, and to destroy on the | apron as much of the energy from — 


the falling water as possible in order to reduce the scouring action on the ‘Bed 


nd banks of the stream below the apron. ~ The two rows of piers tend to create 


> 
basins which assist in doing this. As previously stated, theré was » no final 
ack-water weir although at the time the construction of the Pit No. 3 Dam 


as. completed there was a very low natural weir of boulders immediately — 


below the lower end of the apron. This probably not more than 3 ft. 

high on the average and has since partly been swept away. 


i within the water if the structure is to be lasting, are well taken, and ‘this 3 was 
sim 


the primary “purpose of the stu dy of Figs. 64 and 65 


impinging ‘on its 


the aprons. ‘gome wea 


desirable. At the time, this» ‘was not considered of sufficien importance to 


Mr. Winter’s remarks} relative to the ‘necessity of ‘dissipating ‘all energy 


| 


e energy cannot, of course, be so dissipated and some wear 


or scouring of the concrete is anticipated. In this regard it is interesting to sey 


z note that during the ‘model tests only ‘two six-penny nails _Wwere required oe: 


hold the curved bafile-p “piers in position on the apron. However, in the’ fina 


_ plans, the concrete piers and | “apron ‘were designed and reinforced to with- 
cs stand the full force of the water sheet across the entire cross- “section area 
of the piers. This did not lead to any unusual or extreme construction. A 
part. ‘of the apron slab was designed to act with the pier to prevent possible 
- over-turning. - No fear is felt that the apron will be broken up by the action 


f the water. "Should any of the concrete e protective work show signs ol 


wear, it is accessible for repair during the part of the year, 


as the power house takes the entire river : flow, except during flood periods in 


* Proceedings, Am. Soe. Cc. B May 1928, ers and Discussions, 
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£ oh particular method of handling. the problem of scour below dams, but that none — 


which difficult to treat analytically. His, basic 


formulas for determining the length of river bed | which should | be ‘protected | 


below a dam are well established and to be of ‘assistance to engineers w who 
n the future may be confronted wi with problems. of this character. In particul ele, 
1 | method will be. of value i in pointing the. _way y for further, » but in 


the final. a analysis it is. believed. that. by, means of end 
observation of completed structures be BO to obtain data which can 


Reference to. the notched or dental weir method of protecting the «all ‘ 

OF 


stream. channel scour has been made by. Several, s and 
no doubt that this device might, be used to advantage i in 1 many cases, 


Mr. ‘Stevenst has submitted an enlightening discussion particularly in 


e presents data obtained from a number of tests on models using the dental or. 


notched weir to prevent ¢ erosion, | Apparently, the situat on at Leaburg had been 


carefully analyzed before. deciding to use the dental + weir. to the, exclusion of 


other methods of ‘preventing s scour. __ This series of experiments. is especially 


noteworthy in ‘that, data were giving the complete Profile of the water, 


surface under the various tests. _ The effect of. the “scour | on the stream bed 


Was also determined. _ It is to ‘be. noted that. ‘the solid weir. did not give as 
‘satisfactory results a as the notched type, which fact could be inferred from - the 


Pit River model tests. Fe The data obtained as to the height. and location of the 


ul 
The observation that a_ ‘considerable percentage of. submergence w: was _neces- 


sary before the up-stream water level was affected, w as to > have been expected 
from results ok obtained in other investigations, | but might | easily be overlooked y 


by, an engineer not : familiar with this phenomenon, q 


In conclusion, it might be. observed that each , discussor presents some 


the discussors. apparently has utilized a baffle-p -pier. design similar to/the 

“type used below the Pit River Dams. basic idea of: the Society’ s Special 

Committee he Irrigation Hydraulics in having this paper published - | 


bring out a ditional i information regarding other ‘successful methods of pre- 


venting scour below dams, and it is felt that in the many . discussions offered 


much valuable data have been. accumulated and that, a great deal of attention 


is being given to this problem.  bataqinite ‘at 


The authors wish to express their appreciation for the many 


their paper. Acknowledgments are also due the following, engineers wh 
were in. | immediate charge of. the tests : Walter Dreyer, Assistant 


n Charge of. Design, Grover Green, Field. Engineer, Clinton de Witt, 


(trite 


Engineer, and Arthur Kidder, “Assistant Field. Engineer,. 
Associate Members of the Society...’ _The engineering f for. Pit No. 3 and Pit 


No. 4 projects was under the Denies of A. H. Markwart, M, Am. Soe. C.E., a 


Vice-President in Charge, of Engineering, Pacific Gas and Electric Company. 


a John D. Galloway, M. Am. Soc, C, E., was Coneniting Engineer on both dams. 


he Gams. 


Soc. E,, August, 1928, Papers and Discussions, p. 1807, 
yber and Discussi p. 2303. 
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PAPERS AND DISCUSSIONS _ 


ee This Society is not responsible for any statement made or opinion expressed — 


adi. 
“The the silt- 


_ However, ‘the. results have been valuable beyond expectation. - The writer, 


after spending more than a third of a a century in studying silting of reservoir 


3 and in making actual ‘measurements on existing reservoirs, has had some of 


is cherished ideas exploded. ‘The first of these was the assumption on his part 


that. there was a direct connection between run-off and the amount of silt 


deposited i in the reservoir. _ The data contributed by, Mr, Robinson have- proved 


hat in some reservoirs, the there is slight connection.|| _ A very dry, parched 


__water-shed with a sudden run- -off will a much greater amount of silt 


than a much heavier rain on a “she d. lid 
8 and ng 


widths many times ilt as_ rapidly as 


hannel lakes. _ This is, is not by experience at ‘the old. or the new 


akes at Austin, Tex. The width o of the new lake on the average was three times 


that of the river Rar, two- thirds of it being over the relatively flat eine 


near the dam. or the stretch extending from the 4 lam toa ‘point: 1 008- ft. w 
stream the ¢ Yt part 0 of the lake has | silted. to ) 84% 0 of f its ¢ capacity in ‘1913, 


while that part on the nearly, ‘flat valley which 5 was formerly a farm, has silted 


to more than 114% | of, the original to the bank on the east § side 


+a -. * Discussion of the pap soda T. U. ‘Taylor, M. Am, Soc. C. E., continued from November 


Dean of Eng., Univ. of Texas, Austin, Tex. lide 
8 Received by the Secretary, Nove ber 19, 1928. ere 
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‘silt. 


One 


mi e above 


the dam on 


he west bank a more intensive silting outside the channel area has taken } place. 


tk 


* this point, a boathouse esting on high columns, under wish. there 


© Was a 


depth: of ft..of 


Pearaee in 1913, ‘is now “high and d dry” o: 


n 16 ft. of of silt at 


t 200 tt from the water's « edge. In all, there ar are ‘three broad ‘marginal 


‘ areas on the west side of the lake, aggregating a total length of 5.2 miles and 


containing silt eral ee amount of more than 100% of the original capacity. 4 On 


the east margin’ t there a are i five: “cu urved i strips aggregating a total length of %. 5 
miles where the lake ‘spreads: out over old farm lands. In. this total length, 


that part ‘outside the channel is more than’ 111% in every case, while that 


the channel proper is less than 88% of the « original capacity. ae 


eae In 1913, at a @' pita 1000 ft. up stream from the dam, the water was 3.2 ft. 
_ In 1928, the silt was 1 8 ft. above the crest of the dam, 
making 4 a : total silting at this section of il. 0: ft. on the east bank. In the center 


a of 51. 42 or 92 fe of silt in the middle af the old and present 


writer is no respecter o 


of channel or valley. ere broad reservoirs of 
an, 7 Zuni, and Lake Worth, all bear out the fact that valley reservoirs, 


[tie 


writer 


¥ the width ¢ of the channel is insignificant with respect to the width of the lake, 


Ww ill collect silt. On the other hand, the reservoirs at Austin, Lake Pennick, 
and the Lower Rio Grande, bear out the fact that the channel will also ae 


The silt cakes and cracks on the Rio | Bul "Beatia 
exact duplicates of those at Austin. The behavior of these cakes will convince | 


_ any one that the “hog wallow” ” prairies of Texas were produced by exceedingly 


the case 


iit 


cakes. While the distance between 
Y 


crest, th he silt cakes and crack 


ate 


i seasons during which the pround broke open and left cracks from 2 


“Later, rains would soften and break the edges which would sink 
A the cracks and leave a hill i in the center and a hollow or depression between the 


“hog wallows” 


pod 


of Lake ‘Worth, near Fort Worth, Tex. The original volume « of 


is about 4 ft. from crest to ; 
are not more than one-third of this 
~The most striking example of the fact that valley reservoirs collect silt is 


47 177 


‘Take Worth in 1915—when 1 the reservoir first 


‘acre- ft.’ In July, 1928, thirteen years afterward, the writer made al complete 


survey 


The lower | sect: 


‘from | the dam to ‘the head of the lake, 
as 33 340 acre-ft. 


which g gives ‘the ‘total ‘capacity 
ions of the lake (south of “9-Mile Bridge”) 


were kept separate for comparison ; the silting i is shown i in Table 


~The 


because of ™ 


e main channel of the river, from its entrance to ‘the dam, 


: meanders, is 10 } miles he a “Its total surface area is 112 acres, or only 3% o 


18 13 887 ‘acre- and ‘the cilting i in the channel | proper is proportionate to to that 


in the valley, that is, in the lake area outside the channel. Some parts of the 


ie valley have filled 100%, while i in no place has the denn been filled to the 


wid bas 
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or small little effect on. ‘and that, it is. 


Teserv voirs.,. The flood in the spring of 1922 contributed more silt to. 


now at Austin in. weeks than had in the previous 5 years, 


IN ACRE-FEET. 


Below 9Mile Bridge. 
_ Above 9Mile Bridge. 


Entire lake . 


. during: the 13 tbat of the life of Lake e Worth, the « capacity in 1928 is 70. 67% 


of the full 1915 capacity; and, at the sar same ‘rate, it will be reduced by 1941 to y 
During November, 1928, the writer visited the Lower Rio ‘Grande Vall ey 

| witha ‘view of seeing at first hand the conditions outlined in the discussion 
of Mr. epee oe In 1925, the Rio Grande, true to form, cut through one of the 
| sags _teferred to by Mr. Welty, and left. the pu mping ; plants of the San 


Benito Company and of Harlingen, Tex. ‘miles. up ‘stream—more than 4 


ng plants on the old loop of ‘the river. _ This forced ps 

‘company to use > the ‘old section of the river from | the pa to has new river: 


course as a forebay or feed canal for the pumps. 


action (6) seoTion A 


at 
ilt from the Rio Grande i is an ever- present menace to the an Benito Md 
any in closing its forebay or source of supply. An 8-in. pump is kept at #3 
Proceedings, Am. Soc. C. E., October, 
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The middle of the | 
river is used as a channel (Fig 21) and the “slush” is deposited ‘on each’ Bide 
the hydraulic-fill: method. ‘The pump is kept on a barge and ‘works: from 

t. The silt is stirred i into! a ‘slush consisting ‘of 85% water, which is iptitied 


over a berm and is ‘kept from flowing back into the river by a small dike on the 


to t the new river. ‘4 


3 


o weit 6 


baa ser 
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Soete ta not any statement made or opinion expressed | 


N NTINUOUS ‘BEAMS OVER THREE SPANS 


be 


CaucHey, J B. SNETHLAGE, AND D. 


Cavaney,t M. Am. Soc. 0. ] letter). the presentation a 


this ‘paper, Mr. Ocsterblom, has. well, ‘emphasized the need of more care 


computation of moments in beams and girders ‘continuous Sup- 


c ports. He has, also done well in presenting ‘Table 3§ ‘and in in giving a treat- 


for, continuous beams. of variable. moments of Inertia. In spite of all 


_this the writer fears that-this or other similar - papers stop pn aan short of 

haGS the goal whic structural engineers would like to reach. eee: 
io ith 


When continuous slabs or joists: are. supported b y girders, the ‘torsional 


rigidity of which is comparatively the’ of three moments is 
pers DBO ile at te, 
applicable; but when beams or girders of an kind ‘frame into ‘columns, it 


‘seems that some other means of computing thé moments should be adopted 


This‘ would hold it in the case of ‘the construction mentioned by Mr: Oesterblom 
to 
yy 


Gf ‘the ‘girders were placed in transverse direction of ‘the building ‘and 
joists of one type or’ ‘other were placed Parallel to the length of the building. 


Under such arrangement one would find, ‘by using the slope. deflection ‘theory, 
“a large moment in 1 the columns and, in case the columns were » very heavy, a 
ptr ore decrease of positive moment in the beams or girders | Detweéti them. 


Some of t the structural steel companies: are very ‘carefully. the 


bending moments in steel beams and girders, may be changed materially as 
should be i in concrete construction at present. In both types. of construe- 


* Discussion on the paper by I. Oesterblom, M. Am. Soc. C. 
: (Ob) t Associate Prof. of Structural Eng., Iowa State | 
Received by the ‘Secretary, October 18, 1928. 
Proceedings, Am, Soc. C. E., March, 1928, Papers and Discussions, 


x 
be — 
3 
| 
— 
—— 
be a savi : 
2s be a saving of materials. These facts might suggest th 
deflection theory,|| but ‘any one who aber she use of the slope 
s and the labor 
4 ed from January, 
Bs 


involved in the of large numbers of equations will rule 
it out of consideration in most cases. 3. The writer believes, hows er, that w ith 
certain approximations this method can be adapted, and that it. will give results 
sufficiently ‘elose for ‘practical ‘use—much closer ‘than some of t 


coefficients in common use and far ‘closer than will be obtained by the theorem 


n order to 


Fig. 7 show and shear by. loading 

; different panels of an ‘unsymmetrical ‘building 4 frame with a uniform load. + In 

both « cases, the effect of the load iz in-any given is those 


n Oolumn J 


0,881 )>| 


colums and that. they will be 1 maximum at the end of the column pee it - 


stayed against buckling. This» will be true generally for other ‘members | 


This ‘would suggest dividing the structure’ ‘similar that 
‘ghiown Hi Fig!"8(a) anid considering each part with its load’ separately. In 


Le-8,60'(- 0.751 


the of i large. number of moment diagrams - it was observed 


that, the inflection points on | columns are generally located about eight- ‘tenths 


of the height ‘above or below the floor-beams or —, ~The inflection points 


on the horizontal members may be located from Fig. | 8(b) which was ma de up 


from several conditions of loading on symmetrical and unsymmetrical frames. 
As will be noticed 1 the location of the inflection point seems to ‘be a function 


of the lengths of loaded and adjacent spans. 
oy the of the, slope theory, t to such, structure 


A, 


e 
‘solved ‘simultaneously... In onder. to ‘simplify the derivation of equations to be 


Et 


used, = K, will, be taken as ‘the sum of the K- values of. all the members 


‘meeting the loaded beam on the! left; will be the for the loaded beam and 2 
K, the sum of the K-values 


beam, XAB ¥ (Big. 8(a)); hinged at the ends, XandY. “ont to o 


Applying ‘the: slope deflection: ‘equations: 


JBM 


_ In order to have equilibrium at A-and B: te di 


G 


These curves oy Ebling, Assoc. Am. C. E., are obtained by the slope 


deflection method and are taken from a thesis prepared under supervision of the writer and 
submitted for the of of Bolence at State Cell. 
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ies 


a a! 


LOADED 


tis fo 8 


80 
() SPAN LOADED» yee ab 49 bobgol to be 
1 ENT DIAGRAM T 


AN UNSYMMETRICAL BUILDING FRAME 


eqoka, 


has 


mes 3 ye 

ci 
40) 
lope yee per 
and 


9) and (40): 


“Inflection Point 


Omit horizontal load w= 
member when end | Section of 


yuu 


< Cone 


‘substituted in 6), and (37), give 


4 cor K +23 = K y +3 4 K,) 


ray 


e tension the top ‘bers of 
eferred to “negative”. 

near center of A B may be calculated with little 

ai difficulty, by Seat computing, by means of “moment transfer”, the s shear ¢ at one , 


xa or both ends of A B and then finding | the point of zero shear or or maximum a 
oment and transferring the moment from on one of the supports. 


ng g the moments, Map Mea, 


of the loaded girder i proportional to its ‘K- latte ‘moments 


= | 


| 


os 


case, 
bu 
= 
— | 
— 
— 
— 


nay be necessary, in order to secure the proper sections for beams and columns 
of a building, to design preliminary sections and revise them at least ones and 


\ This: would involve ¢ a large a amount of ¢ ‘computation ‘and 


consume quite a little time. In order overcome these difficulties 
_ writer has prepared curves which are practically self- explanatory. Loe ae 


an 


9 gives voefficients of WL for when the ratios, 


are known and the load, _W, carried by the beam is uniform, orm. In using this 
curve it must, be ‘remeniibered that , and are the st sum of the K- -values” 
Of members meeting the | loaded girder. at. the A and B 3 ends, respectively, of th the | 


loaded span} 1 ; and that at the computations of ‘the K- values i in each case are based. 
on lengths. equal to dis tances from A or B the 


2 


gives the negative moment, 


Fig ‘gives the ocation of maximum positive moment 
“mare from Point A . It has been made 1 up p by taking a large number of 


of a computing both negative moments 


| the maximum “positive bending moments; in other 


— the bending moments at the Points of ‘zero shear as obtained 


“buildings frame, a part of which is shown by Fie. 18, for ‘a uniform load of 
x Mo oment Diagrams. iagrams—First, load Span AB ‘and disregard all all the stru 
to the right of. ‘Point . The ratio of 
0.4: 4; then, Arom Fi ig: 8 the point” “of 


o be 0. 6,48 ft. to the right of Point B, The of: fiiflec 


the co lumns will be 0, 8X11 = 88 - 8.8 ft. above and below the girder. 


or B 6) that fo 


sand t nat jor th e lower columns, 


ope CHEY ON CONTINUOUS BEAMS OVER BEE SPANS 
— 
— 
— 
| 
2) 
— 
Ad) 
— 
— 
| =_ 
i 
ase, 
6a — 
— 
43) 
44) 
44, 
ttle 

— = 0.0723 2 000 X 22.5 X 22.5 = 73 200 tlh. « 


ty 


THREE SPAN 


0.08 


nt 


Coefficients of WL2 for Negative Moment 


0.05 


603 


if M 


ve Mome 


for Negat 


2 


= 


0.07 
f WL 


oefficient: 


Fig. 10-- 
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EAMS OVER THREE SPA 


—~NEGATIVE MOMENT, 


‘Fig. 12. 


ITIVB 


ey 


— 


Y ON CONTIN BEAMS 


000 x 22.5 X 77 400 ft-lb 


NOTE: Moment Curves 
 areplatedontension 


, ending moment occurs 0.49 22. 
m g. 13(b).). Dividing the moment opposing 


fro 3(b).) 


be d lower columns in proportion to the K-values of t 


olumns, the moment in the upper columns is, ME oR 4 


= 


— = 0.0766 X — 
X 2000 K 22.5 22.5 = 51200 ft-lb 
— 
and that in the lower columns iis, 


to take nioments as follows! oat 


4 


97-400 X 5.97 
ee = 45 400 ft-lb. 


“Mond the to od} te einede od 


GP ot ota ee 77 400X293 > hao! 94 
‘By loading Panel B C the inflection points in the adjacent spans, 4 


D (Fig. 18(a)), will be equi -distant from Points B 4 nd because 
D. The ratio “of ‘adjacent loaded ‘span lengths i in ‘this! case is” 


oe From, F 8 (2). ithe, points of inflection are 0.815. Xx 22.5 = = 18.3 ft. 


ad bonistdo. taieg. ovis 800° ult Jo a9) 


from B and C.: ‘Then , K for BA and OD = =———+~ 8.20 , and for BC 


ues for the columns will be the con 


(at Polat B) 89041974587 1614. 


Tai this case 2K, = > K,, because the part 


f the structure consid red 


symmetrical; then, edt alfto & 


=K, 16, 14 = 104, 
From Fig. Moo =z. Q, 0783, WL one from, Fig. 10, Mop = 
0.0788 X 2000 X ) X x 9 670 f The. maximum positive, 


E more at mi L-span ( (Fig. 12 in this case is, 0. 047 X 2 000 x 9 x I= = 7610 ft-lb. 


_ Apportioning the resisting moments, Mgc and Mop, between adjacent men, 


fe 
(lower columns) = 670 X.5.97 4 680 in-lb. 


Shear Diagrams.—The computation of shear for these cases is very simple 
In the loaded ‘spans the point of zero shear is the point of ‘maximum bendin; 
ment ; an ‘i since ‘the uniform load is known, the inclination of the line 
representing the variation in shear is known and the shears at the ends ean be | 
_ obtained by multiplying the length of right and 1 left segments of the loaded — 


uniform load per unit of length Tn ‘this case” the point” 
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bending, with Span B leaded 4 is 0. 495 
The left and segments of the ‘beam are, therefore, 15 


a 


In case of the with: A B loaded, is 


equal to the maximum esas moment divided by the distance from the end to 
TOD 


= 26.15 ie 
BO Shida’: ‘the shears at ‘the ends of the loaded. span are the 


since the structure and load are syrametrical, . and are equal to 4.5 x 
‘|b., t the shears in the adjacent spans being 18, 3 = 855. 
ons The shear diagrams are drawn in dotted lines on Fig. 18. (iano) 4 = 


‘a Spans, AB and BC loaded; that for ‘Spans ral D loaded will be opposite hand 
to that for A B loaded. 


iven the frame at any given point may y be by ‘combining 
ae the results given. in the shear and mo moment ve of Fig. 18 in such a way 4 


as to produce t the desired maximum 


Other Than Uniform. —In the. “otal loa, ” is to be 


on Bap, M of (48) (44) may | be. computed * 4 


, another constant which is 


ind the negative moment at the 


which be substituted for - 


the values of the negative at the ends of ‘a symmetrically 


: beam carrying the load, W, distributed as desired. This substitution suggests: 


computing first the ratio of the value of Cc with the new loading condition to 


and multiplying the values of the negative moments at the ends of a 


loaded girder found from Figs. 9 / and 10 ) by the ratio. ‘thus obtained. 


these moments computed, all ‘moments : and shears | may be calculate: 
vs in| @ manner similar to that used i in the example given for uniform loads. 
As to the accuracy of ‘the “results obtained by ‘this method and by 
eiievew: submitted, the writer has checked the results obtained by Mr. ‘Ebling 
and has found t that i in four loading conditions in a very unsymmetrical build- q 
ing, the ‘moments in the girder of the loaded panel (at ends and near mid- : 


- span) obtained by the curves have checked Mr. Ebling’s slope deflection results 
with a maximum | of 7, The moments in question taken, from 


face. ‘of the would be actually somewhat less then that at the center 
line, and since higher unit: stresses are 
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"that 


ing sections of members to, 


i _ The check has not been as good on members i in which the moment h as been 
obtained by proportion between the: values of KE , because the maximum error 


in ‘one case—and in only. one ease—reached 14 per cent. . All checks, honey? : 


equatior , when th mns and 


allowable increase ‘in stresses at the ends of members, together w with 
ee moment § at at the face of the members into which they frome, as com Mie 


“tically all cases, a difference as great as 514%; in some cases much more. 

B. SNETHLAGE Assoc. M M. AM. Soo. C. E. (by letter). +—The 

author has certainly given a clear idea of how he thinks continuous beams 


over three spans ought to be designe d the results. are most efficiently 
x laid down in tables which cover a sufficient aah of f span varieties to warrant 


usefulness. - Little i is to be added to his general treatment of the > problem. 


It is. well known that ormally the » conditions at the suppor supports are n not as 


he ‘assumes. them to be e that restrai ing at sounteract 


the theoretical ones. 


author makes severe attack on conventional 


‘building, ‘codes, joint committee regulations, and att mpts 


their “shortcomings with an example which seems 


When his gives the correct negative moment as —4490 ft-lb. 

the center span, and the conventional ‘moment- factor method, according. to 


hi m, calls for de 940 ft-lb. (see Table 4),t the Writer can, hardly believe 


‘there can be compensating features to prevent failure. Tn ‘the writer's 


pinion the author does not apply these moment factors as they were intended. ; 


As shown in Table 4, the correct maximum moments for ‘the conditions | 


given, are: “457 0 ft- Ib. for outer spans; — 4490 0 ft-lb. for center nae 4 
ct 


applying the conventional moment’ positive ‘moment is’ 
21. = 000 and at the center. 


of the value “moment, or 
6.000 ft-lb, See Fig. 16. 
is negative ‘moment. ‘prevails ihe entire 
ist 


the e moment of the center rspan, or x 147 x 8. = 850 


Hydr. Engr., Hawthorne, N. J. N 
t Received by the Secretary, November 23, 1928. 
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girders) forming a rigid cpinien is on the fact that the 
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‘Therefore, be reinforced for a ‘negative inowient? in the r middle, 
of 6 000. — 850 = = 5150 ft- lb. 


_ Comparison of th these figures with T ‘Table 4 shows that the moment factor d 


4% ‘more: steel at the’ ‘center 5% “more ‘steel 


st e raised. On the 
‘center span. however, this waste | is which seems excessive; but ‘in reality 


it is of little importance, 2 as ‘that negative moment imereases very” rapid) 


q ¢ 


22:5-Ft- 


is wah] to 


240% 


in  detaing th the steel! if it will be found possible to. follow the 


 fluetuation accurately by decreasing and again increasing the amount of 4 
4 


steel over so short a distance as 9 ft., and most likely the steel from the 


negative moment at one center support will be the 


This demonstrates clearly what the writer believes to be the proper appli- 


= eation and : true interpretation of the use of the conventional moment factor 
of building codes, joint committee regulations, ‘ete., and although by no means 


ideal, they certainly do not | deserve such unreasonable criticism, 


laa, D. Mytrea,* M. Am. Soo E. (by letter). t—The author i is certainly 

_ justified i in his criticism n of the | practice » of using arbitrary moment coefficients — 
ee in many cases to which ‘they do not apply, and is 1 to be commended for his 

x efforts t toward simplifying the methods « of finding the true moment aiken 

in a three-st -span continuous beam. The labor involved. and the time consumed 


in computing the true coefficients by usual “methods “are undoubtedly 


: y |: 


esponsible for the present reliance on arbitrary. coefficients. the author 

points out, this i is s particularly true in the usual analytic ‘solution when a beam 
of more than three spans is encountered. . Here, the graphical | ‘solution of | 


a 
Messrs. Nishkian and Steinman} may prove more 


“Moments in Restrained and Continuous ‘Beams ‘by. the Method of Conjugate Points”, 

by L. H. Nishkian and D. B. Steinman, Members, Am. M ante E., Transactions, Am. Soc. 

E., 90 (1927), p. 1 bis Th > 308 
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tinetly different that taken by author, an 


mshi is not entirely new, however, for the solution by distributing 


unbalanced | moments has been taught by Hardy Cross, M. Am. Soe. 

a Furthermore, Professor Cross’ method i is applicable to beams of any number 


of f spans, as well as to continuous bents, ar and the labor involved is émall. More- 
“over, by this method there is no need of the scheduling of equations and certain : 
numerical factors, as be both the author and Mr. Hadley dc do, in which _way the 
computer is apt to lose | sight of the physical beam. The w writer has often use 
this, method with much satisfaction in his own work and feels that Professo 


—Oross should publish the complete details for the benefit of the profession.+ 
Proceedings, Am. Soc. C. E November, 1928, Papers and Discussions, p. 2559. 


+ A paper by Professor Cr 
the Society. 
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= | thed from a standpoint dis- 
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solution of multi-span beams with comparative ease. kernel of this method 
is suggested in Mr. Hadley’s discussion.* It consists of distributing through- 
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“not ne adj statement ‘made ‘oF opinion ‘expressed 


HYDROSTATIC UPLIFT IN PERVIOUS SOILS 


By H. pe B. Parsons, M. Am. Soo. E.t 


H. pe B. MA Soc. E. let ter), gs—A full and 

incre 


one of experimentation ‘and he writer, ‘therefore, 


have criticized his paper. Some of the discussions require no comment, and 
consideration of the others will be as brief a8 the facts will permit. 


TER 
Mr. ‘Meem|| infers. that the pistons or contact rods were not pressed 


‘ forced into the sand beds so as to secure full contact, but were simply rested * 
on the sand. The experimental r ods were forced and” their unit 
3 loading was as heavy as that under ‘many buildings. - The cans were ‘pressed 


‘down by hand to compress the sand beneath their bases and establish definite 
areas contact. In Sortie of the e tests ‘made at Rensselaer Polytechnic 
Institute, the apparatus ‘was to stand, loaded, for 18 to 48 


hours, but the results were substantially the same as when the tests ‘were made 
(with th saturated sand) shortly after arranging ‘the apparatus. ‘Mr, Meem’s 


a experiments are | interesting, but’ t seem, to the writer, to embody dynamic rather 


han strictly hydrostatic conditions. Professor Terzagh? 8 discussion] should 


Gallog y stated** that ‘the seemed to’ illustrate. 
ions fithoandtal a river caisson only, and that the tests do not seem to cover R 


4 
AY: all the cases of ‘foundations constructed i in pervious soils below groun water 


evel. ” The writer would like to call attention to th e fact that his tests were 
made to determine whether the hydrostati uplift acted on the full area of 


Discussion on the paper by. B, , Parsons, . Am. Soc. continued 
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HYDROSTAT 


would seem that the res appl y to any kind of 


ructive, 


‘The discussion by Professor is bot instruc ive 


a2 @ 


© 


~The writer’ ‘was unaware ‘of | any ‘tests published in ‘the English Te ke before woul 
his paper, , and lhe undertook this research because. repeated on tl 

writer found, at inning, the difficulty ‘df exdln idiig ‘the air gon = 49 
tent from the sand; and it was _one of the causes.which delayed.the final tests J in 
for about nine months, as the air produced erratic results. A test was ‘made the ° 
io inserting a rubber tube i in the sand bed, -one end being against the base line, 
of a a can, and the.othen joining a glass tube shaving the, open; end above the give 
water | level. ‘The water level i in the containing vessel was then raised, and the part 


time | noted for the water in the glass tube to come to the same level. It took z 
: many hours for the water in the tube | to. rise, and it frequently did alt quite 7 
reach the level of the water in the container. — The writer and his aides: recog- 
nized this as air, and the tech nique was changed t to sat ate or try to saturate e 
‘tests made , at Stevens Institute, of. Technology for er avel, onfined 

sant d, an sand not confined, appeared | to ‘show that the depth of material below 


- the base of the contact r rod. had an an influence On. ‘the effective area, as shown zag 
in Fig. 5.’ This result. appears to have been substantiated by the high- head as 

tests at Rensselaer Polytechnic Institute. 
All tests. were repeated ‘under. similar conditions, and the results averaged. an 
(See. Tables 1 to 7. t). d The : results: with the gravel confirmed those, with, the oo 

: sand, as regards the ‘influence of the depth of the Material. The gravel, was —& tes 
“put in the container | with water, and the rod pounded down, like a battering 


ram, on the gravel, to ‘compact it | before completely filling the, container with K 


water. On account of the relatively large voids between the ‘pebbles. and the 


od. 
manipulation “used, ‘it wou d seem that air was practica y exclu e n view 


— of the cases cited by y Professor ' Terzaghi,t ‘the writer. can reply. only by, saying 4 
th the regarding the e di depth ‘required. under. the, 


to get substantiall ally 100% upl if ft, was in accordance with the results as found. 


explanation of the phenomenon, may be somewhat foll lows: “Under 


the load applied by ‘the « contact rod, or by, that. of a base of ‘a ordinary struc- 


ture, there can be no appreciable deformation of she sand or gravel particles, 


Ithough the particles are firmly pressed together i in close comthen, a The Weight 


‘is supported on. he contact areas between the base. and the, top | layer of, the: 


particles.. “There was no hydrostatic head on “these areas, as the ‘contact. ex: 
+ hese Bilt 


cluded the water. The ion layer (that i is, ‘the. one next to the. base) ¥ was ‘BUD- 


_ ported by other layers of ‘particles, between which there were contact areas 


on n which the “hydrostatic head -been 


Loe, pp. 945, 948, "953+ 955. 
Loe. 
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corresponding to elastic deformation 


‘stated by Professor Terzaghi; if, v 
"areas of f the particles were flat wed, of ‘measurable extent, 1 the effec 


ould be less than the total. area of the base, since ‘the head “would act only — 


on that oii between the | contact Laide no matter how "deep the ‘sand was under 


+ 


ame conceivable position rela tive to one another; and the contact areas on - 
the top and the bottom of a particle would not be always i in ‘the 8 me ve 
Tine. 1 The head, 


give. a a downward resultant, to which’ force would be added the weight of the — 


Pochaat. the head being greater due to the vertical thickness of the waite. 
This increase in head would be. -extremely small for one e particle, but would 
be measurable as the layers increased. I It would seem reasonable that some 
depth of material would be required before ‘the exposed areas on the bottom: 
of the par rticles, with their hydrostatic heads, would be sufficient to overcome 
the exposed ¢ areas on the tops with their b heads, so as to transmit the > uplift to 
the base through the points of contact. While appreciating: ‘Professor Ter- 
zaghi’s criticism, it is conceivable that | an analytical treatment might not be 
as accurate as the results of high -head tests. 
a Mr. F ‘eld* i is correct in stating that the sand friction tests, § given in | Table 1+ 
ay shown graphically in Fig. 3,t are not to be applied to other work. Th 
condition of the sand is described 1 in _ the paper.§ The water levels. for the can 


w-head tests) were within a few inches of ‘the top. the cans. 


‘pent by water when the pistons were e actuated” . The pistons 1 were dations 


‘during the test __ When a piston commenced | to move, t the | ‘test was over. ite 


The water pressure in the sanc 


increased, but without movement, as the water can be considered as incompres- — 
sible under the > Pressures | used. = The - only chance for ‘ “low” was entrapped air, 


‘md been discussed in ‘the writer’s reply to Terzaghi. 
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‘Grunsky, Past-Preswenr, Am. 


sf iif C. E. Grunsky,t Past-Preswent, Am. Soc, C. E. (by letter). Thaus author 


has attempted to find a simple, generally "applicable netted of ascertaining 
the  Talne of, a water right. _ The attempt is laudable, but the effort will be i in 


vain. main. difficulty. with the particular method suggested lies. in the 
fact. that. no rule can be found for apportioning the aggregate value of all 


intangible elements to the individual elements. — Moreover, under the American 


eystem of the intangible elements of public utilities acquire 


ne earnis ield 
income in excess ss of operating expenses s plus. the leans cost of. money, there 


will be no intangible values, 

iy. me A water right, in many | respects, is similar to a franchise, — It is a a 

Le 

a ip the public. | It may have indefinite or ‘only a limited life, ‘Tts, acquisition x may 


Cha 


ee have cost something or nothing. Under certain circumstances the water righ 
£ 


may acquire a recognized ‘market value, as will be the. ease if all th 


that i 18 aval abl le is nee for irrigati on. fy “to th 
e Frequently i in acquiring a water right, it becomes necessary to quiet Co 


rights. It ma may be necessary, 4 for example, to ‘compensate r 


the actual or r the prospective damage | to ‘their property ‘which would result from 


an up- -stream diversion. All legitimate expenditures _ made in acquiring 


water right (with, due for any change which may have taken plac 
in the purchasing power of the ollar) should appear in tl the Tate base. 


‘ae _ The term, “rate base”, ; as herein. used, must not be. confounded with market 


‘value. The aggregate market value a arpa utility property results from 
its. earnings 3 and its earnings, in turn, d de epend | on rates, The rates ‘should | have 


some ‘fairly to the The value resulting from, ‘the 
rates cannot be used. 


ai * Discussion of the paper by John E. Field, M. Am. Soc. C, continued from January, 
¢ Cons. Engr. (C. B. Grunsky Co.), San Francisco, Calif.) 38 hon 
avi the | 


= 
poe 
| 
raf 
— 
= 
— 
— 


Both the Courts. and the rate-fixing authorities have ‘definitely assumed 
the attitude that, when water rights | are involved, earnings should be allowed 


He ith « due consideration of the fact that the water right may have value; but 
this principle i is not, thus expressed in, the decisions. As, the nd 


e author ‘states, no 
method has yet been ‘found ‘for. evaluating water rights ch would b be 


able to ‘the Courts, public service commissions, © 3, or valuation experts. 


ta _recourse. is to. a comparison with the ost 
“ib 4o be valued The 


ining such “average value, 


-gome costs ahi are above the average and others that are below the average, 
be taken into account. It would be evidently absurd give those whose 


"development has cost in-excess of they average a negative value.) In places where 


AAAS 


- water is scarce and water ‘rights have been made a matter of bargain and sale, 


a definite basis can sometimes be ‘found for estimating v value. In such cases, 


the. earnings that result from the. use e of the water become the measure of its 
value, and this value, in consequence, may assume a wide. range. A determina. 


tion of the value of water rights i in such sections of the country will have an 

effect on the value of rights elsewhere, the question naturally being asked, 
“Why, if water commands a high price i in one section of the country, should it 


not ‘also command a similar price under comparable | conditions elsewhere ?” 


seems: obvioys that whoever makes a successful development of. water and 
‘puts it to beneficial use has done something worth while’ for socié y and is 

‘entitled to a fair reward. It would not be unreasonable, therefore, to make 


some allowance in the earnings, preferably based on the ordinary regional ¢osts 
‘of developing water which, when capitalized, would be the value of the ‘water 


‘this principle were accepted “byt thé) fixing’ authoritiés’ it’ ‘Would 


esult in removing indefiniteness relating to he value of wa et at its ‘source. 


‘established b not be 
‘that, when all the water available i is applied to beneficial use, , the cost of devel- 
opment of some of the supply is far below that of the’ remainder. "In such 


cases the value of the water right—if the cost of development is ‘low—may be 
very large in comparison: with the value | (at its source) of the’ other water 


“used in the same disteict. -In'such cases, strategic value is recognized, ‘and this 
determined more or less satisfactorily by the comparison-of-cost method. 
r factor whic deserves consideration when a water right is ‘to be 


ah evaluated i is the time during which the right ma may | be exercised » and still atiother 


e 

factor is | the length th of time that it may take to put ‘the water right td’ full use. 

_ Attention is called to these matters merel y to show t he complexity of the ‘prob- 
es of determining the value of a water tight. If is timely 


4 economically sound, its value—in excess of such part t thereof ‘as may ‘be based 


-is so merged with the value of all other intangible j életrients ‘that ‘sep- 


aration is necessarily more or less arbitrary. Personal ‘Judgment of exp erts in 
each particu ar case must, determine | the allocation of de aggregate: 0 all 
ntangible ve values, which, moreover, ' 
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paper, like 


when tested by those chieined by the use of the slope deflection Sinethod. : 
The writer has always felt that Smith’s Approximate Method, whick 


“called Method No. “Iv. ‘by Messrs. “Wilson and aney§ is an approximate or 
“yorkable” method that is superior to Fleming’s Method No. I. is less 
tedious and adaptable to computation in tabular form. As regards the 


accuracy of this method, ; it is placed by Messrs. Wilson and Maney on the ys 


same plane as Fleming’s Method No. I. | - Professor Wilson has gone so faras 
to recommend the use e of Method No. Iv for the design of wind- -bracing i ae 
usual or ordinary types of building frames, due attention given t 
“exterior” and “interior” columns. Proféssor -Tachu N aito | 


that Method No, IV be the design of. building frames 


“Morris, M. Am. Soe, tontinued trom January, 1929, Proceed 
Cons. Structural Engr., ., Oakland, Calif. 
¢ Received by the- ‘Secretary; November 24, 
§ Bulletin No. Univ. of Tilinots Eng. ‘Experiment Statio 
4, 1920, p. 316, 
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‘That. the shear in the exterior columns in first 
has of that the interior columns rather than 50% as. i 
‘~Confusion exists as to thé differences ef Fleming's Methods Nos 1, | 
III and Method No. IV, due perhaps to the use of such e: expressions ‘as “canti- 
lever method”, “portal method”, “modified portal _method”, “equal shear 
* -_ method”, eto. By some’ writers Method No. IV has been placed i in the s: same 
category as Fleming’s Methods Nos. II and III. In their conclusions, Messrs, 
_ Wilson and Maney state that Fleming’s Methods Nos. IT and III are so inaccu- 
that they should never be used. Method No. IV i is ‘specifically excepted* 
-Fleming’s s Methods Nos. II and III are both based on the assumption | that the 
shear is the e same on all a story, whereas Method No. ‘Ivs 


that ‘the shears 8 on 1 the ‘ “interior ” columns are equal and the shear 
“ex o one-half the shear on an interior 
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columns are not continuous for he i 


The writer has calculated the ben ting and for the exam, 


how results” compare with results” of the outlined in the | paper 
nd Fleming’s Method No. I. Table 19 gives 3 the column moments, Table 20, 
the immu moments, and Table 21,. the girder shears for the lower seven 


tories of the “American Insurance Union “Building. It wil be seen that | 
Method No. IV compares more favorably with the slope e deflection method and 
the Ross m method than Fleming’: s Method No. I. Tables 22 and 23 give diac 


moments and d girder moments, ‘respectively, for ‘the lower ¢ twelve stories of ‘the 
illustrative problem used by Messrs. Wilson and Maney. The: results obtained 


Favorable results also. chtsned when moments “caloulated by 
Method No. IV are compared to those of Method No. I. ime Snr,  - 


writer believes for ordinary frames the use of f the 


Ross. method, or similar 1 ‘methods, is ‘not justified by the | accuracy obtained, 
_ that Method No. IV gives s reasonably a accurate results; and that its use insures 


ithout . He Method No. IV should 


For types of 


* Proceedings, Am. B., May, 1928, Papers Discussions, p. 


«+ Bulletin No. 80, Univ. of Illinois Eng. Experiment Station, Table 25, 


of Tables 28, p. 84, and 31, p. 87, of this Bulletin again shows that Method ogy 
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for any statement made or opini expressed 


‘By Messrs. Wituam B. LANDRETH, AND DUARDO 


: To sods andy 


B. + Am. Soc. ©. E. (by letter). 4—The author ha 


done a great s service by giving a clear and « concise statement of Isthmian 
Canal conditions. Taking the last four years i in Table 1§ | as fairly “typical 


of the yearly Panama tonnage, the annual percentage of gain or loss is found — 


to be as follows: 1994, 1. 30% less than 1923; 1925, 5. 95% less than 1924; 
1926, 12.60% more than 1925; and 1927, 10. 70% more than 1926. On the 
basis of total tonnage, © ‘the four- -year gain in 1927 is 15. 65% of the: 1923 — 


report of the State Superintendent of Public Works. for 1927 
gives the tonnage of the New York State Barge Canal for 1919 t o 1927, 


inclusive . Making comparisons on the same basis | as for Panama, ‘the annual: 


‘percentage 1924, 1.30% more than 
1923; 1925, 15.30% more than 1924; 1926, 1.07% more than 1925; and 1997, — 
8.97% ‘more than 1926. Likewise, on the basis of the total tonnage, 
-four- -year gain in 1927 is found to be 28. 69% of the 1923 tonnage. 
eT if - During the canal season of 1928 the gain over that of 1927 has been 19.58 


4 


per cent _ While the net tonnage | on the Panama Canal is much greater. 

than on ‘the Barge Canal, the total gain on the ‘Panama’ Canal for 1924 to 

1997, inclusive, was 15. 65% and. on the Barge Canal for the ‘game 3 years it > 


was 28.69 per. cent. For, of the years the Panama Canal lost trafic, 
while the Barge Canal gained for each of, the four booed bet 


| 


e The Barge Canal passes through a populous section of the State and , there- 


‘ola, a large number r of pleasure | boats pass through it. During the 1928 


by sbte This discussion (of the paper by Hans Kramer, Assoc. M. Am. Soc. C. E., published 
in August, 1928, Proceedings, but not presented at any meeting of the Society), is printed 


in Proceedings in order that the views expressed may be brought before all members for 
further discussion. 


} Received by the Secretary, December 8, 1928, 
Proceedings, Am. Soc. C. E., August, Papers and Discussions, p. 1697. 
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October 13, pleasure boats and their we 


-STaTisTICcs ON THE New York STaTE Barce Cawan FOR 1998, 


Ne 
Near south end of Champlain Canal 
North end of Champlain Canal... 
North end of Oswego Canal ; 
Near north end of Cayuga Seneca Canal. 


wy | Probably. 15 000 to 20 1000 people £ find enjoyment on the pleasure boats; 


lockages u ‘used by them | equals that used by ‘several million tons of cargo, 
"Ome should remember that the Panama Canal can be operated for 12 months 


aac year while the weather r prevents th the use of the ‘Barge Canal for more 


; _ An interesting comparison is made between the Panama and | Minors 
gua Canals” in Table 3,* which includes a very concise statement | of the 


- salient points | of the two routes. This table gives the time of transit at 
we re Panama as 6 to 8 hours and estimates it for the longer Nicaragua Canal at 

oo m 30 to 36 hours. This would mean a rate per mile of from 6.26 to 8.33 
hours Panama ‘and from 4, 86 to (65. 83 hours at Nicaragua. The vertical 


rise : at Nicaragua is about. 30% more than at Panama, and differences i in the 


navigation 2 conditions v would tend to make ‘the rate at Nicaragua less than 


On the Barge Canal the motor ship, Twin Ports (259 ft. long, | ‘42 ft. wide, 


4 and loaded to a draft of 9 ft. passed from Waterford to ‘Oswego, N. 
a distance of 187 39 hours and 22, min., , which is. an average speed 


pe of lakes on the ‘trip. A Other similar boats s have made the trip, g going or 

The estimate of from 30 to 36 hours ten the through the 175. 


ad, 


Tee 


~ 


J Ju UN. 800. OE (by letter). {The author has 


- onstrated beyond a shadow of a doubt that the logical ‘method of supplying 
- fataire needs for additional Tetdeitden Canal facilities (in so far as shipping is 


& 


concerned) i is the installation of ‘more — at ‘Panama. Table 38 gives an 


et Proceedings, Am. Soc. C. 1928, Papers and Discusstons, 1703. 
+ Chf., Div., San. Eng. and om, ‘Panama, Panama. 
t Received by the Secretary, August 20, 192 toate 


§ Proceedings, Am. Soc. C. E., August, 1928, Papers and yer ae p. 1703. 
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is more favorable 


; a thing has been omitted and | that i is t 

a perm ent non- “movable steel highway bridge the canal. It must not 
be forgotten that the canal has divided the Republic of Panama in | two; that 
; ‘Panama has spent millions of dollars on new roads on both ‘sides of the canal 


and that at present the only available means of crossing is ste ad 8 own risk 


his, author has aptly stated, is a problem that, “helongs to 


bran ie important part of the present | Isthmian Canal situation is to 
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_ PAPERS AND DISCUSSIONS 


ON. FLORIDA ‘HURRICANE 


54 


A. M . Am. Soo. C. E. (by letter).} 


MISA 


report leads one | to conelude that structures designed ‘in accordance with 


modern practice for a 20-lb. wind pressure and the of the Amer 
jean Institute of Steel have sustained little or no irrepar- 


- able damage by storms like the Florida hurricane, — This is & source of great 


“hcl 


satisfaction. to structural engineers, due fortunately to the fact that at least 
one fairly well- designed building (Daily } News Building) was subjected. to the ms, 
severe test. _ Such damage as was done to the Meyer-Kiser and the Realty oe 


Board Buildings - would have been avoided, had received the 


connections, as. was given tot the Daily News Building. git 


aren: the failures recorded cannot be attributed t o lack ‘of engineering 
knowledge ‘respecting methods of wind analysis and designing of connection 


| 


detail, but must be charged to carelessness or ignorance on, the part. of 


who did not fully consider the information. available to them, The 


The following | comments are offered relative to the five points suggested b 


—A Determination of the Wind Pressure Exerted by the Storm.—While 


A 


this might | be impracticable, | the actual experience gained from designs based 


ona a 20-Ib. . wind pressure seems to justify adhering to this p practice; but why 


= has treated this subject more fully in a discussion§ of another paper. | pa 


+ cele Discussion of the Final Report of the Committee of the neces Divinion on Florid 
Structural Engr., Albert Kahn, Inc., Detroit, Mich. oF hate 
Received by the Secretary, November 28,. 1928. 
4 Proceedings, Am. Soc. C. E., January, 1929, Papers and Discussions, P. 89. 
| Loe, cit., August, 1928, Papers and Discussions, p. 1763. yes Wed va 
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; particular storm- infested future 
designs ? _ Each h locality | has a Weather Bureau record of wind velocity covering z 


ei period of 10 to 20 years, fro which the maximum « can be ‘selected | for use, 
as in designing tall chimneys. From this maximum velocity, the pressure, in 
pounds per square be computed from the formula, = 


wind velocity, i in miles perhour, 
Soar Records show maximum wind Velocitics ranging from 50 to 120 miles per a 


is — , for various stations in the United States, but it would not seem en | 


“weather re eports | gave a less value as the 3 maximum. Except in some of 


storm-s “swept ‘areas on ‘the Atlantic Coast ‘and the Gulf of ‘Mexico, 100 miles 
per hour i is considered very conservative, y and | 87 miles i is ‘generally maximum 


Rew 2—A Standard Method of Computing W ind Btresses in Tier Building © 
Construction. —Such a . method has been used by many ‘structural engineers, — 


nd it is hard to understand why less rational methods should be used at all, or | 


why more complicated wets ‘offering no greater reliability, should be pron 


—§. —Standard Details Best Able to R Resist Wind Stresses, Considering Both 
Stiffness and Strength. —It is in this connection that the most flagrant viola- 


tions of good practice have been committed, » of which examples described in 
the report are representative. There is no valid reason for this, because 


insufficiency in design means incompetency on ‘the part of designers. i endl 
important steel frames of to-day represent first attempts by amateurs. tren eal 


4 —A Study to Determine Whether the Requirements for Wind Should not 


“laa? 


Be Made to Depend on the Ratio of Height to Width of a Building—When 
_ strength alone is. considered, the specified unit stresses govern every design. 


As rigidity is a factor of prime importance, however, and may rary between 
ide limits, it follows that the load assumptions and allowable unit stresses 


should bear some relation to the ratio. of height to width of the frame. In 

speaking of rigidity of the steel frame alone, as affected by its width (neglecting — 

the effects. of the architectural fill materials), it should be noted that width| 
arensoeee the cantilever stiffness only when complete cross-frames or diagonal 


systems are used. For the so-called rigid frame, ‘the basal width does es not 


“materially affect the cantilever stiffness which latter depends largely « on the — 


number of columns and the column details in the wind-resisting bent. 
—The Strength of M Masonry Walls and the Bearing They Have on | Wind 
eg _ Bracing. —This the writer interprets ; to mean the effect of the architectural fill 


‘materials, including ‘concre ete, stone, brick, o r tile, ete., composing the spandrel 
filling, floors, partitions, and fireproofing of the entire building. ~The inherent 


rigidity of the steel frame ‘alone, as designed with | specifications | of ‘the Amer- 
ican Institute of Steel Construction, would not afford ‘tenantable tall building a 
when subjected to ordinary 60- mile wind. ‘Deflection ‘calculations prove this. 


However, experience teaches that this "Practice does produce commercially 


atisfactory bu the architectural fil ‘materials must 
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become available for the American Insurance Talon Building, at Columbus, 


Ohio, i in which instruments for taking ‘such observations were installed dur- 
struction. — This s would be most gratifying, : as no reliable measurements BS 


of this kind appear to be recorded. 


“that the work of designing wind- bracing for tall ‘narrow buildings should tre 
never be entrusted to novices.” ‘It might have been more fitting to suggest the 
appointment | of a committee of experts, trained by edu cation nd experience, 
to develop a a . practical and rational m method of designing wind-bracing, so that a | 


good student who is most a ‘novice, could with practic 


Morris,* is s rather u “unique, especially i in ‘the ‘closing ‘remarks 
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AMERICAN SOCIETY OF ENGINEERS 


This Society is responsible for statement made or opinion expressed 


5 COUNTY | SEWER DISTRICT WORK IN ‘OHIO AND 


ASSESSMENT OF COST ACCORDING TO) 


F. Srewar,t Assoc. M. Am. ion, C. E.—The Ohio Statutes Tequire the 
approval— by the State - Department of Health—of all plans of public water 
supply and sewerage improvements within ‘the State a and, consequent ly, the 


ie Department i is brought into close contact with the work of the various counties - 


in installing these improvements. The speaker has been associated with that 


jae for about eight years and has been i in. a position to see the opera- 


A 


tion, of the County Sewer District Law nen from its, original ‘small pro; 


Sale t has been noted} by Mr. Bi ibury that ‘the bulk of the work being Gen: 


; by counties is in territory contiguous to the larger cities, The value of having, — 


sewerage and water improvements designed and installed in a logical and com- 


prehensive manner and in conformity: with the same utilities of the adjacent. ae 


city cannot be over-estimated. — To any one familiar with the diffi lty of 


Fei wh sal PATS 


a securing proper sanitation ‘in suburban a areas the advantages of such. a central 
working this law provides, is apparent. Without proper sewerage 


and water supply the areas will abound with unsafe wells (either contam- 


: inated or subject to contamination), cesspools, septic tanks, and smiaused. storm 


drains, with resultant nuisances. counties well organized for this work, 


sanitary improvements now to a greater or less extent ne actual geen: 


pation of the outlying | areas: of cities. is true. that. the 


; establishing the boundaries of sewer districts and designing the improvements, 


‘must guard against being unduly influenced by the optimism of realtors, but. it 


Discussion of the G. Bradbury, M. Am. Soe. C. continued from. 


Asst. Engr., State Dept. ot Health, Columbus, Ohio. 
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just, either i in n the inclusion of his eo in the district or in the one 


The law “whic provides for the inclusion of parts of mu \icipalities in 
county sewer districts has been found to be of great. advantage. This — 


the e solution of sewerage problems i in accordance with topography without limi- 
most instances ‘this has been of greatest 


wire 


value to the cities in providing sewer outlets for territor 


boundaries inaccessible to exiating sew erage improvements. 


Mok La ike I Erie and around small inland bodies of water to which there is a ea 7 
i people during the : summer season. “£ T hese resorts are generally remote 


“ from the te of population and their sanitation as it relates to water ‘supply 


and sewerage presents a most perplexing problem. outdoor p: privy “vault, 4 
formerly associated with summer vacationing, is “now barely’ tolerated, and 


the demand for modern conveniences is insistent. Iti is here that the County 

iy - Sewer District Law can function to a distinct a advantage a: as the areas are usually 
‘unincorporated. In . fact, it has been found in Ohio that in no other way can 
proper sewerage and water supply improvements be installed. _ The real « obstacle 


5 


i> i securing installation of improvements is the item of cost. The property is 


ghee usually of lower value than ¢ city property. — ~ Also, the use of the adjacent bodies - 


bore 


— of water for bathing ‘may render the disposal of sewage difficult and costly. 4 
The problem, therefore, calls for the exercise of the best engineering skill and 


ia | existence of the County Sewer District Law often provides. @ means | ot 

securing ‘Sewerage and sewage disposal for small municipalities which are ham- 


-pered by statutory debt and tax limitations. ‘The municipal 
petition the county commissioners to include the ‘municipality a as a whole 


part of a county sewer : district, , and thereupon the county may install the i im- 


As provements | and assess the cost directly on on the benefited property. hy Riper al 


The law vests with the county commissioners the authority to initiate 
7 


a4 work > nder ‘the County Sewer District Law. Nevertheless, it has become 


‘custom in the State to require a petition from a percentage, and ‘usually 


the’ case of local improvements, a majority, | of property owners to be benefited 
ar 

by immediate ‘installations, Occasionally, a a board of county commissioners 

— will refuse to act in this regard for areas obviou sly in need of improvements, ; 

on receiving | petitions from a large percen of property owners. Relief 


from such a situation is afforded by the Ohio ‘General Code. provides 
_. that whenever formal complaint by constituted authorities i is made with refer- . 


ence to unsanitary conditions in any area outside of corporate municipalities, ; 


_ the State Director of Health shall. investigate | the complaint in order to ‘sub- | 


stantiate > the ‘claim. If conditions are found as alleged, the State Department 


f Health may order the establishment of a county sewer district by the county | ; 


commissioners—to include the area concerning which been 


made—and_ the installation of sewerage therein. 


injustice in the way of assessme 
good sound judgment is it stands to-day provides ample recourse 
will oceur. Furthermore, the law 
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tr 
‘ 
— BS. 
— 
— 
ore 
ii 
= 
— 


The law further ‘provides that on failure to comply: with such an order 


4 the State Department 0 of Health, the Act may be enforced by a writ of man- 


 damus issued by any Court authorized to issue such writs. Similar action may 
te taken with respect to water supply improvements in ‘accordance with Sec- 
- tions 6 6602-28 to 6602-80, inclusive. The law provides further for appeal from 


an order, either to referee engineers to determine the necessity of the 


order or to the State Supreme Court by petition in error. 


eat 
W. M. Ouson,* Assoc. M. A. Soc. C . E. (by. letter). t—The author makes" 
clear the admirable procedure in Ohio, by which | su uburban or ural property 


- is assessed for water or sewer mains » Such procedure i is impossible i in Illinois 
- Existing laws enable incorporated cities, towns, and villages to construct wat 


- and sewer mains and to assess the cost on ‘property benefited. . ‘Sanitary dis 


_ tricts to provide for sewage disposal through a common outlet may be organized 
to include incorporated municipalities and unincorporated areas within three 


miles of included corporations, but no provision is made for the construction, 


“ by. public means, ‘of water mains or sewer laterals in any unincorporated terri- 


i. The construction of sewers by private capital is possible, but rarely ever ete 
practiced because of the dif difficulty of f getting a reasonably large proportion « of She 


individual property owners ‘to agree ‘to. 8 are the cost. some cases, ‘real 
state operators developing a new area construct some sort of | sewer system. 


_ Water pipe is sometimes laid by private capital, either by real estate operators, z 
w may ‘construct reasonably adequate systems offering ‘some measure 


fire, protection; or by ‘water associations” which lay small ‘pipe. to ‘provide : 
service e only to areas adjacent toa public | water system. 
0 ; Oi “age 


n ortunately, t e State Department of “Public Health is not epee 


exercise adequate supervision over construction of _sewers and water 


Health. Experience has however, 


cannot be relied upon to co-operate, and this makes the private ip eae 
of sewer and water utilities especially undesirable. To make matters worse, 


hat vrivate encies 
P vate agenc 


thare is no provision or ‘regulations covering zoning, housing and bull 


a ‘result of these laws, or this laws, the following” 
may obtain in unincorporated territory : 


and “home builders” may learn that they 


please, and may ‘proceed to do so. with : a vengeance ; 


up solidly without sanitary sewerage or proper water supply; and (3) 


an area may be included | in, and taxed by, a a sanitary district but may ‘not 


ha Thi I k County. mpi 1921, 


Acacia Park, which covered largely by truck gardens, was ‘annexed to 


the Sanitary District of Chicago. About five years later, an ill-advised 


tempt to incorporate as a | tiny village (120 acres) failed. ya In the absence < of 


Engr., Cook Dept. of Health, Chicago 
by we Secretary, November 30, 1928. 
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as if by. magic. On November 8, 1998, ; a count: of houses within a most ; densely 


t-up 80 acres, revealed 870 0 buildings . Of ‘these, se, 11 were used for | commer- 


cial purposes ones ‘story frame, 1 1 two- story frame, and 8. one- atory. 


the houses are e set. close together on on 80- ft. lots in groups 
series of vacant lots. There are many - good: looking small houses interspersed 
bya few ‘architectural atrocities. The intensity of use of this ‘area may be 

ndicated by noting that there ave 4.6 houses per acre. Zoning ordinances 


of eigh t of the better- class suburbe in the county (according to the Chicago 
Reg onal Planning Association), ‘specify a maximum population density of 
6 families per acre. A house on every lot in Acacia Park will approximate 8 
Ks Natural drainage, which is none too good, has been supplemented by f arm 
tile, laid before subdivision, and | by makeshift street drains laid since. _ Exist- 


ng facilities are entirely inadequate to remove storm run-off promptly. “There 
is a safe domestic water supply distributed privately from the Chicago System, 


no fire protection i is ‘provided. The fire hazard is enormous. 
as Pr actically all the houses have modern plur mbing, discharging, supposedly, 
to individual | septic tanks, which, in turn, are connected to the drainage sys- 


of the so- o-called septic tanks are no larger than ordinary kitchen 


‘ 


Oy 


"Extensive building “con ‘tion “occurred in ‘the fact 


 pareamale banks refuse t reine for ‘the construction of residences on 


- I lots not t served by 2 a proper sanitary s sewer system, and by a public water supply 


affording adequate fire protection, ‘Small local banks closely affiliated with | 
iy 


‘building organizations financed the work. The sale of houses was accelerated 


by the true statement that “You will have no city taxes —. 


‘In th the ‘spring of 1928, an adjacent area similar to Acacia Park was annexed 


to the City of ‘Chicago. “The Chicago Board of Local Improvements i is jalrendy | 
making preliminary studies of proposed sewerage and has found that a long 


fe and expensive outfall sewer will be Acacia Park is particularly 

te unfortunate in not having been included n this annexation, since a compre- 
‘ hensive sewer ‘plan for the entire built- “up lat probably could have been devised 


a. use a single outlet. As it is, the Oity of Chicago can make no provision 
ie ‘te for Acacia Park in its ‘proposed plan, since the law does not permit such con-— 

As the result of. the lack of sewerage, the usual unpleasant and unhealthful — 


ions are present. t. The relatively few basements are flooded after every 


_ rain of any consequence. Some enterprising owners have installed electric 
: pumps to discharge the “water” into the alley. In wet weather, heavy trucks 


: break ‘through u unpaved roads and crush the shallow ‘drainage lines. ‘Sewage 


rises t to the surface a nd 1g land. if the break- 


Pape 
3 
may 
a pul nt 
— int 
for 
— 
— 
“the: 
; the: 
and 
| 
tis 
wil 
— 
| the 
| sta 
“the 
‘the 
— of 
cer 
— as 
ac 
— 
ra 
— 
3 
4 


a 


may repair the I break. f rae a complaint may be made to the health officer 


Untrapped storm- ater inlets” ‘emit the odors of decomposing wastes lodged 
in tile lines 1s laid to no particular grade or alignment and without ‘manholes 


for cleaning. Even i in cool weather, sewage odors may be observed at various” 


“places in the ‘community. In hot weather, nuisances abound, : and frequent 


- complaints are made to the health ‘officer. Int the absence of a sewer system 
there: is but little for him to do. cannot indict the whole comm nity. 
‘The relative absence of typhoid fever: may be explained only by the safe water 


and milk supplies and he a a large measure of good fortune. 


septic tanks, usually installed with the supposition that x no ‘cleaning will be 
necessary, will have to be cleaned to relieve 2 clogging. Nuisances now grievo 


will become unbearable, and annexation to the city must follow. Att hat time, 


| cz + With the growth of Acacia Park, conditions will become worse. Privat 


construction of necessary sanitary v utilities. pe 

a The foregoing i is intended to show that, in the Chicago Region, the problem 
of providing necessary s sanitary facilities for closely built-up unincorporated 
“areas is acute, and as yet unsolved. New enabling legislation i is needed. 


similar to ‘that i in Ohio should be authorized, or existing dis- 


ba the cost against ‘property benefited . Legislation prohibiting the bars of 
lots for ‘residence’ water and sewer mains have 


‘according to ‘plans app ap 
justified by medera conditions, would probs 
ranted i invasion of the tights: of — 


the expenditure of large sums on extensive building operations ‘previou 3 to the 
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THE SEWAGE DISPOSAL WORKS OF — ree 


the 


Messrs. W. For ULLER, AND JoHN F. 


19 
M. EB. —Among the novel features of the 
Decatur - plant, pre-aerationt perhaps comes first to mind as this is on f the 


first instances in America where that  acpengamant has been studied. It became > 


factor in n respect to cutting down the load on the sprinkling filters. That 


plan of course has been studied in Europe in a few ‘instances, particularly at 
England, where it th the doubling of load on th 


This provides about 16t to o 18 hours of flow. 


n would be ‘sufficient fog perhaps twelve ‘most years, but 

occasionally there may be need, for a few months of very dry w eather, of some- 

thing beyond « ordinary sedimentation. This idea relates to pre- aeration 1 as 


a device for removing colloidal matter, “not as” a nitrate producer and not 


a8 a reducer of dissolved organic matters. There are plants, perhaps, like the yy 
/ one at: Columbus, Ohio, at which advantage i is taken of the diluting effect of 


WAN 
periods of low stream flow, ‘there should be more treatment than i is afforded by 


ae Another arrangement serving the same cats purpose is what Karl Imhoff, Ne 


m. Soc. C. contact aerators. These are used in half a 


mu This discussion | of the paper by Samuel A. Greeley, M. Am. Soc. C. E., + and William 

D. Hatfield, Assoc. M. Am. Soc. C. E., presented at the meeting of the Sanitary Engineering 
Division, Columbus, Ohio, October 13, 1927, and published in October, 1928, Proceedings),. 

is printed in Proceedings that “the expressed may | “be brought before all 
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plants i in the Ruhr District, in Germany, to geta better removal of the > organic 


ater than is possible by sedimentation. ‘After flowing through | those tanks, 
the sewage goes along the stream bed a short. distance to the Rhine. | ‘During 


: this travel the m ixed Ruhr water and treated sewage become well ey 


owever, the colloids caused official al complaint from across the National Boun- 

‘Holland where the fishermen complained bitterly of fungus growths 


: Whether pre-aeration as described” ‘by the authors ‘a8 a means of lessen- 


load « on ‘the sprinkling filters i is a better “aerangément than fore 
snegests possibilities for the” 


in advance. The observations i in n the paper a as to limet also beste the psd 
because of. experiences recently with efforts to handle some of the complications 


After some months of operation keg the winter, when no effort was lcs 

a" increase the temperature of the sewage or sludge, there was a tremendous 


amount of foaming followed by acid production in the spring. This acidity 
not materially affected by the addition of small doses of lime. About 
ten years ago, at Plainfield, N. of » acid production became s0 pronounced 


of lime were almost futile. the becomes 


The question of handling gas at Newcastle has proved bothersome in that 


- the arrangements for collecting it were , improvised after the contract had been 

and they permitted the clogging of the gas screens. A further complication 

from the large. quantity of scum. While the gas collector is -sub- 
merged, nevertheless its arrangement permits: the space beneath the gas exits 
- to fill with floating matter, so that the original facilities for cleaning it are 
inadequate. Hence, at that plant there were three ‘problems: Inade- 
quate screening provided by 2-in. _ clear openings; (2) inadequate protection 
f the gas exits which could be improved by the use of gas screens that do not 


log so readily; and (3) arrangement for the ‘scum that 


covers have a longitudinal | aie to lead the gas to the cata Praia exits. 4 


To: oHN F. M. Am. Soc. ©. E. —This veg is very in eresting 
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rom Lake Ontario by the Roche ey and Lake Ontario Water Company. = This 


water is passed through pressure filters, and chlorinated. 4 
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‘The Water Cody s intake eas 5 miles west of the mouth of the 2 Genesee 


_ River and an occasional east wind carries to the intake a current of river water ‘ 
- pollute _ with sewage and industrial wastes. The plant of the Rochester Gas ee 
and Electric ¢ Corporation has | been i in the habit of discharging into the river, 


8 miles from its mouth, an average of 20000 gal. per day of ammonia-still 
waste containing about 350 Ib. of phenol (C, H, OH). _ Whenever the polluted, 


river: water reached the intake, the chlorine dose was increased, and com- 

plaints of the taste were numerous. 9 aved edi mi atest to 

It was thought that this gas- -house waste could be ‘discharged 


city’ 8 intercepting sewer, passed through ‘the main ‘disposal plant (consisting 
of Imhoff tanks), and then discharged with the effluent into Lake Ontario, 
‘ 4 000 ft. from shore, i in water 50 ft. deep and 2 2 miles farther from ‘the -Water- 


works intake than the | mouth of the river, greatly imereased dispersion would 


In order to whether this waste could be safely handled i in the 
t the main plant without “upsetting their action and their ability” to 
“digest sludge properly, a large- -scale experiment was conducted at the City’s 


"small ‘ “Charlotte” Plant* where the discharge averaged 500 000 gal. daily. 
Imhoff tank has an inside diameter of 38 ft. In this tank the sewage flow is 


semi-circumferential, and a steel dome was placed over the central opening and 


its lower. edge sealed by. setting the dome i in an ove > of concrete on 


the ck ‘and filling this groove with water. 


gfter 

waste to. 1 000 gal. of ‘sewage, or 500 gal. 

Ib. of phenol, to 4: 166 000 Ib. of 


“added to sanitary sewage at elaine ‘tt 2 parts p per million of phenol, 


harmful. effects result. The operation ~ Imhoff tank be carried « on ai 


and the digestion of. the 
-getically. This was indicated by the facts: 


vid 1 —The sludge was well digeste and drained auch o 
> 
—No ‘change in physical constants 


le 


sludge. 
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The entire di discharge ‘the “Rochester “Gas 
-ammonia-still waste into the sewer leading to the ( main) Trondequoit 


posal Plant* is at a lower concentration than that of the experiment. “The 
es plan has been put into operation, no upsetting of the plant has occurred, and 2 


all complaints of taste in the water have ceased. 918 ata 


Pransactions, Am. Soc. C. E., Vol. 91 (December, 1927), 
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_PAPERS AND DISCUSSIONS 


its ‘publications 


n C. Wart, Epwarp W. STEARNS 


HN uN Warr, Am. Soo. OC. -E.—The author ‘presents two conditions 


for the successful ‘completion of contract work: (1) The choice of a capable. 
Se nd ‘experienced contractor who i is thoroughly reliable, financially and other- 


and (2) the chien, a good surety company that is. abl 


Especially, the City of New York, some of the greatest projects and 


‘the biggest. contracts have been undertaken by unknown contractors without 

personal finances. Some contractors. have done New York's greatest work 
é and have gone, | penniless, to the grave. Some of the greatest buildings, 


bridges, tunnels, and subways have been “successfully built by men \ who could 

The policy that is recommended in his paper (see Principle (89))¢ is 
developing | the municipalities s and in the States; that is, the 


of investigating the financial ‘strength and the experience of. ‘contractors. 


Public officials” are being authorized by y law to ‘determine the reliability, 


‘esponsibility, and capability of contractors and they are e doing so to the fullest 3 
The great Manhattan Bridge was built by a contractor who owed 
his bank thousands of dollars; ‘who did not even have funds with which to 


begin the work; who 1 was opposed by all the e steel companies in North America ; ; 
4 and yet who built the bridge in the shortest time in which any suspension 


bridge had ever been bu ilt, and there was not one ‘single complaint or lawsuit 


* Discussion on the paper by E Edward W. Bush, An. Soc. continued from 


"¥ Counsellor at Law (Wait, Wilson & Newton), New York, N. Y. 


t Am. C. E., November, 398, and Discussions, p. (2455. 33 
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+ the. biggest public. works being built to- -day are by, contractors. who 
were not known to have financial backing or. experience, ‘and the contracts 


are being ‘successfully completed. Low. prices do not always | come from big 


The speaker is in ‘sympathy with a great many suggestions in this paper, = accor 


believes that they apply largely to private work. Some of the recommenda- legal 
tions ‘made cannot be ‘accomplished, especially on public works. instance, the 
“contrary to Principle (5),* the engineer cannot relieve ‘surety ‘companies on 
?p public w works from giving a bond to pay for the labor and ‘materials expended, the ] 
because: the statute laws of the United States and of some States require that § work 
Principle (4)* i is sound one. According t to an owner n may not specify 
the ‘manner and method of doing the work and, at the same time, stipu- defes 
Pa te the materials to be used ar and then exact a warranty of results from the bids 


ey “contractor. It is dangerous and productive of litigation to specify both how § tities 


and of what : materials the @ work | shall be done and then say that the contractor =? 
‘guarantees” or warrants it. The Court says~ that, if the structure leaks, them 


although the ‘contractor ‘ “warrants” it, he may not be held’ to the warranty. =e 


a ‘The speaker distinguishes between the words ‘ ‘guarantee”- —which i is a promise ma 
to ‘pay the debt of another man—and “warranty”- —which is a warrant of the mi 
work done and materials used. a: od batt 

"OS ‘The engineer usually obtains the “Information: for Bidders”. t He makes babe 


- sounc ings or borings; he determines quantities; the elevation of water sur- 


faces or sub-strata; the character of e excavations; the presence or absence of 


ins of construction, ete.; at great expénse to the owner or municipality. ae 

The contractor’ is ‘told that is definitely known about these 
tities and conditions; that the owner will not be held liable; and that ‘the: line 
contractor must be responsible for them. Tn as week or ten days he must § fron 
get ‘information that the engineers may have taken nine months to ‘collect prop 
at a cost of thousands of dollars. That i js a ‘universal advertising bonu 
tee It is done t to protect the owner from the Possibility | of adverse Court deci- do j 
7 


‘sions if ‘the judgment. and knowledge of ‘the engineer should prove to be 


inexact. _ As the author Sage ‘nobody can see very far under w 5) water, or into deci 
the earth”; but the engineer can n judge better than the ¢ contractor. Owners: and, 


may be sure, therefore, "that the e contractor will add to his price because of 


the repudiation of f the engineer’: 's estimate. ‘Principle (3). 
speaker suggests writing to 100 ¢ or 1000 contractors and how 


, November, 1928, Papers and Discussions, p. 2440, 


_ Now, why select contractors who are successful, who have great financial 
- a | a and political backing, and who have great experience, when there are others if the 
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if they were not t required. to guess or r take information from engineers only t 


have it later. repudiated i in the “Notice to Bidders” hire: gti 
- To deny, or refuse, to support the engineers’: report, is an act that deprives — 


the owner or : municipality: of the money spent or engineering and investiga-— 


big tion. ‘The contractor. must then be responsible for engineering data obtained re 
by the owner and he adds. a liberal amount to his bid or contract price 
but. accord ingly. In municipalities the practice has, been promulgated | by the 
da- legal departments in an effort to forestall or prevent successful litigation by 


the contractor. od blnoila, ti, mi bas, 
on The speaker sometimes believed that the. engineer quite approved — 
led, the practice because it ‘shifted the responsibility for “errors: engineering 


hat work. ~The practice is justified by attorneys because ‘when a contractor has 


‘obtained a large judgment against ‘the owner, through engineering errors” or 

sify misjudgment, it is a definite lump sum that is apparent and i is felt by the 

defeated attorney ; whereas the untold ‘sums_ added by contractors. to. ‘their 


the bids are not so apparent. They are, nevertheless, in even larger quan- 


how tities, by the owner or municipality. 


=. The trouble with engineers is that ‘they allow the lawyers" to dictat : 
“e them what shall be. included in the contract. Of what value is a report of 7 
investigations | to contractors when the owner ’s lawyer (who ‘prepares the 


contract) states that, i in all events, the ‘contractor shall be held 


surety is to companies in the: letting of The present of 

oa corporations | and municipalities i is to make of the contractor a casulty insur- 


we ance company by forcing him to indemnify the owner, not only for any negli 


gence of himself o1 or anybody that may act for him but, for anything at all 


that “may happen—even under the direction of ‘the engineer. 
oo at That is current practice in the ‘City of New ‘York. “Where i is | there any 


a justification for it ? Again and again, the speaker has tried to have the ‘ 
od legality of these clauses passed upon by the > Court. ‘State laws forbid anybody 
must from writing insurance—casualty or otherwise—unless they are duly and 


Hect properly authorized by the State and unless they accumulate and hold large 


bonuses. A contractor is not authorized to write insurance the public 

or for municipalities but the e ordinary construction contract requires him 


deci-_ do just that very thing. “ad “ate Ie ify 
o be § When confronted with this i issue, , judges: of this State have avoided it ie 


into deciding the case on other grounds. Some day it will be decided definitely” 
mers and, the speaker believes, that will stop the pre ractice of requiring the con- 
Epwarp M. Am. Soo. C. E. (by letter). +—There i is muc ch 
how hat 3 is good i in this paper ' that it deserves careful reading by those whose duties 


| include the preparation of plans and specifications for contract. work. There 


—* Asst. to Bridge Engr., The Port of New York Authority, New York, N. 


| Received by the Secretary, November 28, 1928. 
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however, of which, in the wr writer’s 8 opinion, are 


uite controversial and | there is, furthermore, one very r broad principle which 


is quite ‘axiomatic and which deserves greater emphasis and amplification than 


—- given it by Mr. Bush. The method of treating the subject adopted by 


author is quite ideal and lends itself Treading, discussion, 


Principle” (1).— —Fundamentally, Principle (1)* but its 
should be followed w ith certain discretion. . In th 


the m 
"tracts and specifications it it frequently | happens s that a a broad general ‘require. | | ‘* Sai 
“ment, clearly and fully stated in its ‘Proper place, should be emphasized later | rns 


otal 


_ by mention in ‘special items subject. to the requirement. When ‘this is done, head 


course, it is of the utmost importance that each subsequent statement 


how 1 

‘ek disagree in the slightest manner from the broad requirement first stated, bé'av 

doubt a number of writers, and more particu ularly those of the legal ayinip 

fession, will take exception to this practice on ‘the theory that by ment ion orf P. 


any particular application, the - points not mentioned | are, by infer- 


os weakened if not entirely invalidated. In order to overcome this objection 


it is the writer’s practice to include a clause of the following nature in the 


shall be to his satisfaction or to his inspection or of items 
to be performed without additional compensation, shall not imply that only §° 
- the matters | of a nature similar to those enumerated shall be so governed and § ™ &' 


is contractor with Federal, | State, and 
4 municipal laws and d regulations and shall secure all “necessary permits. These 


d documents are prepared. with the intention in mind. that there will be a single 


general « contractor on the work and that it is his obligation to comply with { this from 
provision. There will, however, be many sub-contractors engaged in the con- jg taro 


struction of the | building, and in. all likelihood | the general contractor will that 
‘expect each sub contractor t to comply with the laws prescribed and. to ‘secure hes 


: such f permits as are particularly required for his trade. _ It seems entirely "0 


_ proper, therefore, to indicate in the sections of the specifications pertaining hard 

to each t trade, that owner expects: the contractor, meaning the general infor 
contractor, to see to it that all laws and regulations are complied with and HYP 
‘that alll necessary permits are secured, so that the sub- -contractor shall be 
aware of the > requirement and that he may determine his obligations | from the oe 
‘Principle (2).— —The The ager to add to the discussion regarding Prin- 


ciple -(2)* a consideration of “cost plus” work. Many people engaged i in ‘con: 


4 struction work. seem to have little. conception of ‘the fact that a very important 
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fixed method among all contractors for the apportionment of overhead expenses 


When the reerteon is called upon to do. work. on the b basis of cost st plus pees 


just how t his ead 
the item cost will be 


It should be borne in mind that usually ‘ ‘extra work” is not undertaken 
because of the desire of the contractor for it, but because the owner finds it 
the 1 most convenient way of handling certain minor matters. With this thought 


ts 
nind: it is only equitable that the contractor should ‘receive ‘not only his 
actual d direct outlay in cash for labor and materials, ‘but also both his over- 
head expense and a fair pro fit. B y clearly understanding at the start just 


how the word,  “eost”, is to be defined, “much controversy and ill feeling ‘can’ 


th i 


be avoided and, as a result ereof, better work can be obtained due to a more 


sympathetic feeling between the contractor and the owner. 


Principle (6).*- —Probably the greatest “uncertainties which a a ‘contractor 


i assumes in any construction. work are those which are incident to foundation Bes 3 


conditions. ‘Those are the uncertainties which cannot be seen and must be “ 
felt. ‘The writer, ‘thoroughly believes in sub- surface explorations, commen- 
surate with the importance of the work involved, and believes further in f 4 


nishing to ) the bidder the complete i information "Which: he obtains from 


explorations exactly as | he receives it. ‘Iti is obvious that his plans ‘represent his 


interpretation of the results of such | explorations. The writer does not believe ; 


in guaranteeing ‘to the contractor either the correctness of the sub- surface 


explorations ¢ or that the conditions indicated by them will be found actually to 


exist ; or, in other words, that the interpretation as indicated by the plans is is 


correct. Those risks must and should be taken | by the contractor. 

_As an example, the writer recalls a job on which | extensive borings indi 

prey a thick stratum of soft clay overlying a bed of gravel or hardpan. ‘The 


plans required that the piers be on piles. After studying the samples 


from the borings, the contractor ordered piles of cebteet length to be driven 
through ‘the clay and into the harder strata below, but in driving, it was found fo 


that the piles would penetrate only partly into” the clay The cost of the ‘Pi 


cut off was placed upon the contractor, the contract ‘being’ price job 


igi 
with a price per foot for piles driven. ‘This ruling may seem to have been : 


hardship on the contractor. — Tt should be borne int mind, however, that the : full 
‘information furnished from the borings: was in his possession at the time he 
| prepared his bid, and further, that he did not elect, before ordering his piles, 
to drive a few test piles. by which he could have determined the probable > pene- 


tration. Consequently, he assumed the full risk when he ordered the long 
piles and should not have b n _ compensated for the loss incurred i 


_ The foregoing, however, does not, and in Court cannot be made ‘to, “hold 


it the sub-surface « explorations: are | obviously insufficient or grossly incorrect. 


The writer recalls one job on which borings indicated rock. at such | an 1 elevation | s 


belo ow water level that the excavation be 
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was however, it — ‘was not bed-rock, but 
a a rather unusual layer of large boulders. _ Subsequent exploration then revealed | 
he fact that bed- rock lay at a depth so much greater than that o orginally con- 


emplated that pneumatic caisson work became It is obvious that, 


work would have been inequitable, and not have held in Court, 


pf The foregoing should not apply to sub-surface man-made structures ‘The 
engineer should endeavor to determine to his best ability the. existence, loca- 


tion, and character of all such structures ond furnish such information to the 


contractor, thereby making him solely responsible. Should structures not 
hown on the plans be encountered, the risk thereof and any work involved i in § 


properly caring for them should be solely at the cost of the owner. an 
example, on one job i in 1 the 8 experience there was encountered. a Qin, 
 high- pressure water main which was not sk shown on _ the plans and which had 
a. to be moved. One entire section of the city was dependent almost wholly on 


this” main ie domestic use and fire protection. _ The removal of the main 


4 


from the vicinity of the work was ‘not | an expensive operation, but the risk 

5 entailed was ‘tremendous if the main had been broken or : if a fire had occurred 
at the time necessary to shut off ‘the water. Obviously, here the equity ‘Tay 


only in the owner assuming | both h the cost an and t 
Principle (7%). —The s surety premium represents th the charge f or carrying 
certain risks. Obviously, then, if the risks are reduced the premium will be 


reduced and Principle (7 )* i is only a statement of this fact i in regard to par- 


ticular risks. The writer believes, however, that the State lien laws are based 
= i on sound thought and, ‘therefore, that the State an | Government ‘should pro- 


> vide the same protection as is given to the taborer or material : man on private 


work. The risk for the payment of such claims is clearly one to be covered 
«byt insurance and, therefore, the surety should be required to guarantee the cost 
Principle (18). t—Except when there no surety bond—and it is the 

writer’ opinion that every contract should include a surety bond—the 


a “retained percentage” is not withheld by the owner as a 18 safeguard i in case of 
efault. On the contrary it is withheld for other purposes, as follows: | (1) To 


le incidental work of minor importance usually deferred until the ‘end of 


the contract; (2) to serve liquid in case the contractor defa ults; 

‘ and (8) to act as a counter » tei to offset any possible over- payment due to wr 

the approximate nature of the monthly estimates. Other reasons of lesser 

ey writer believes that in 1 the early stages of me contract the percentage is 


nie which the “retained percentage” bears to the cost of work ‘done, should be 


: relatively high in order to build up a considerable cash fund, but that, as as the 
work progresses and nears completion, both this percentage and the amount 


of the ‘ ‘retained percentage” ‘should decrease until, when the work i : is entirely 
uplete, they both should be ‘small. In one contract recently 
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writer svotifed that 10% ‘of the val value of the work performed be with 
held until such a time as the retained amount equaled 5% of the total estimated 
contract price, after which time no further amount should be withheld. In 
another large contract he , specified that until 25% of the work had been. ions, 


10% should. be w rithheld, after which the percentage was reduced on ‘sliding 
scale until, at the completion o: of the work, only 24% was 1 retained. — ih sundbapstss 

There is fecling among ‘many engineers and architects that a contract 
should be worded so as to force the | contractor to. finance himself - very _exten- 
sively. To this opinion the writer ts takes strong exception. He believes that 
monthly payments to the contractor should be arranged so as to pinta 


the contractor as far as possible for the cost of the work as it proceeds. . . Usu 
ally this cannot be done i ina ‘simple way.  * the early part of the work the 
contractor x necessarily has | a heavy investment and a relatively small amount 


of work performed so t that his estimates do not and cannot fully compensate ee 
him. Tt is for this reason ‘that hi his financial I ability is important. 4 After the 


“work has ‘progressed, however, if payments are e properly "arranged and if the tt 


‘retained percentage is not exorbitant, the ime a é 


payments should carry the contractor’s| cost. 

ve Usually, the owner is in a much better position to secure the use of ‘funds 
af 

the contractor. By compensating the con ntractor, fairly and 


as the work progresses and reducing his necessity of obtaining loans, sometimes — 


Wiss 


between. himself a1 nd ‘the contractor which is conducive ‘not only to greater 


: ‘at quite high ‘rates of interest, the owner + establishes that feeling of good-will 


but also to cause him to reflect, such feeling i in his bid Price. This is is particu-— 
larly true when the owner is in the market at more or less frequent intervals eK 
for construction work; but it is nevertheless also true when the owner is con- 


templating and planning only one piece of construction work, providing the 
contract and specifications are so worded as to show clearly to the bidder tha’ 
Principle a7) *—It is with considerable ‘humiliation as an ‘engineer 


the writer discusses this obvious principle. Unfortunately, the competition in 
engineering work has become so acute that the fees for it have become prg- Th 
portionately meager. Commercial organizations frequently seem to be so short- 4 


sighted as to consider the cost of the preparation of their drawings and con- 


tract documents as a whole as unproductive costs. is 


wrong. 6. Care, thought, and study cost money, but when they are applied so a 


to produce drawings and contract documents that reduce to a minimum the 


FO 
points in in which the contractor must use his imagination, the n money so invested 


The engineer ‘or the e architect, ‘whether he be - employed as an outside agency 


or _ whether he be a regular. employee of the owner on salary, has imposed. upon 
him ‘a great trust, namely, to construct for the owner, at the lowest possible ; 


cost, a structure which can best serve the « owner’ s needs. Such results can only 


obtained by the careful ‘and thorough - preparation of drawings and 
ntract documents. When he lends himself > any other practic 


should quickly come when the 


— 
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rounds that he does not receive sufficien 


gracefully and lowering the standard of the profession. as a whole. = 
eo Principle (21).*—The writer believes that it i is best not to state the esti- 
mated cost of the ite even with limits as suggested by the author. The 
‘particular limits to be adopted would be subject to considerable variation in 


of practice at different offices, and if made broad enough to provide the possible 
“range of price ‘as found in bids for the majority of work, they would be of 
little value in indicating the ‘size of the work. + yf general statement of the 


x 
approximate nature and dimensions of the work contemplated would seem to be 


ig better basis for indicating the magnitude and t the character of the work to 


‘Principles (8), (85), a (86). is ‘essential for the writer to consider 


a)! That the cash deposit required of the bidder is primarily required result 


as a “bidding security” ; (2) that it should be as much as 10 or 15% of the = 
“probable. contract (3) that bid bonds are ‘not desirable; and (4) that 


. The writer believes that the best bidding « security | is the bi bond or the 
rere of proposed surety) which is called a bid letter by the author. Since 


the responsibility of the surety, who “must be acceptable to the owner, is apt 

to be greater than the responsibility. of the bidder himself, in the writer 

opinion | the cash ‘deposit at the time of submitting the bid has ‘the chief pur- 


pose of ¢ giving a measure of the contractor ’s financial ability. — Consequently, 


the amount of the bid deposit should be only sufficient to indicat “4 

bidder, if awarded the contract, has: sufficient liquid capital or credit to pro- 


with his contract without embarrassment to the ow ner. Before awarding 


= contract the owner should ‘Tequire the contractor to submit an _up-to- date 
finaneia 1 statement. ‘This, together with, his bid deposit, should furnish the 

owner with sufficient information of the bidder’s financial resources. is 


‘if impossible, to fix a formula for determining the amount of the 


Tt been the w writer’s practice to fix it somewhere between 
3 and 8% of the estimated cost of the work, depending on the class of work, | 


° the cost, and the length of time to be involved in completing the work, = 


aS. In conclusion, th there is one broad principle applicable t to ‘the preparation 
of plans and contract which is axiomatic, but which nevertheless: 


‘seems. only too often: to be ‘entirely overlooked. Mr. ‘Bush touched on it a a 
number of times, but failed to emphasize it by setting it among his ‘other prin- 


ciples. Briefly it may be stated as follows: _ 


“Clarity and consistency are of prime importance”. 


# engl Close attention should ibe paid to to this principle, particularly in the prepa- 
ration of the contract documents. Although, due to certain tradition and 
phrases more or less difficult for the layman to read 
seem, to be unavoidable, the preparation of such never- 
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us of course that the individual preparing the | contract d 
™ 


what he wants: and, to a certain, extent, how to. get i 


pletely ignorant of the real intent. _ The point cannot be too strongly empha- 
sized that « every statement in such documents should be carefully. weighed with + 


a) view to determ mining whether or not they correctly | carry the thought which _ 
the writer desires to transmit. , As a rule, the more. brief and concise the docu- ; 


“ments are re made, Men more intelligible they are 2 to ‘those using them; but this a 


1 extreme that much to 


dy—are used as 

yf 
in the documents. This’ practice often 
id in inconsistencies which « are ‘sometimes | serious and many times quite 


ludicrous. _ Recently, the writer. had to review a a specification prepared by 


writer 
another engineer, in which an entire devoted to a description of 


‘first opportunity “he. questioned the man 
who pad the specifications as to ) the details involved inv this particular 
type of work and after getting a reasonably clear conception of what was _ 
intended he inquired where it was to be used in the particular cumnedien ‘ 


contemplated. m Much to his surprise he discovered that none of it was con- 
templated, 2 and the entire chapter and the references to it had merely been 
copied from a a specification for an ‘entirely different piece of ‘Such prac- 
tice is in much the same e category as that of the calculator who claimed that he 
made only | a very minor error in| his calculation when he misplaced the decimal 


Pash 


point. To s some, the foregoing criticism may seem ridiculously obvious, but 


when one has encountered such conditions not occasionally but frequently 

over a period o of years it becomes a very ‘serious 

As The preparation of drawings and contracts is only part of the st 


attempted to emphasize the importance of fairness, clarity, a 
sistency in the wording and treatment of such documents 


whose duty it is to execute them and carry out their provisions is not emiss. 
In all the work: that the writer has ever done he hee made it an unvarying 


practice to. car ry to to the contractor in one way or another the feeling that the — 


contractor and the engineer are both working to the same end, with the same i 


purposes in mind, and with the same obligations, namely, to complete the 


construction, whatever it may be, in the best possible manner, in the shortest 


‘space of. time, and at the least possible ¢ expense both to the contractor and the $ 


“owner 1 with the intent of the plans an and sp ecifications and the purposes for 


which the structure is ‘to be used. All the contract documents, “thevetora, 


“become only a portrayal of the broad general principles ‘under hich the’ wok Bes 
; s to be performed. It behooves the engineer in charge to establish with the 
“contractor, by fair fair interpretation of the contract ‘provision, and 


contractor's problems that spirit of close 


and will which alone ill the best interests of the 


i Too many engineers, from the Jowliest inspector to the chief i in charge: of 

“the work, to. have the impression that the provisions the contract 


dee 


ocuments are immutable; ; that t hey mitist be followed to the very letter rather 
an to their intent; and that their prime obligation i in carrying 01 out , the work | 


> ot if not completely to break the. contractor, at least t to see to it that he makes 
no profit. The contractor is entitled to a profit; to all the profit he can make, 


onsistent | with thorough and first-class workmanship. To deny him . that. 
profit by means of unfairly rigid and restrictive rules: ‘and by narrow- Satiided 


> ty 


and short- sighted interpretations is the best way to create an unhappy condi- 
tion in the execution of the work; ‘a feeling of deep distrust and, i in cases, 

even dishonesty on the part of the contractor, and finally, ape 

Rionarp S. Kirsy,* M. Soo. C. © letter). writer is | in 
thorough accord with almost the entire paper. He has been struggling for 


years to inculcate just such principles into successive , generations of ¢ engineer- 


ing students. 5 In his own ‘mind he has classified Mr. Bush’s s “thirty- nine 
articles” into groups, as follows: MOTE of dgsobian 


4 


—More “orderly arrangement of thie material the contract 
documents: writer suspects that much of the confusion to which ‘the 


author Sepanly calls attention has resulted either from leaning too confidently 


a qeabeent or from | a division of responsibility i in _ the preparation of the 
"documents. ‘Neither condition i is typical of the engineer at his 


— (0b). ~-A great degree of explicitness in the wording of the documents and 
in ‘the data shown on the drawings, SO as ‘to remove uncertainties: 2 “To the 


ta writer’s mind this group needs all possible emphasis, and Principle (8) 3 is | 


. one of the most important of the entire thirty- -nine, and the most ‘difficult to 
into practice. The writer would phrase Principle (9)§ -differently— 


“Prepare each contract so carefully that nothing will remain for the Court to 


Goines ” Courts and lawyers flourish on “agreements: entered into loosely. 


Construction work contracts ought to be. 80 ‘complete that if contractor, owner, 
and engineer should die the day after a contract is signed, their successors 


would nevertheless find themselves in position to ¢ carry out an agreement 
which did not lack precision at any point. ‘The writer agrees especially with 


the suggestion that the ‘grap 


re 80 | 


are § o effective that. it ‘seems a shame that the; bear} more pron to 


— (&) —More thorough h and extensive ¢ engineering investigation of ‘the project 


advance: v writer agrees heartily with this | general principle. ‘He differs 
- * Associate Prof. of Eng. Drawing, Sheffield Scientific School, ‘Yale Univ., New Haven, 


t Received by the Secretary, January 7, 1929. ed: 
Am, Soc. C. E., November, 1928, Papers and 
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with: Mr. ‘aa on Prissieb (27 )* only, as he can s 
_percentag -unit bidding, provided 


; | preparation of his estimate 
@). Uniform treatment of, 
procedure: Doubtless the author had private, rather ‘than wok 


mind in some of his | suggestions ; and it may be that architects a 


are ‘greater er Fe 
offenders than engineers in The writer questions the prac- 


—Reduction of sureties’ duties; responsibilities, or liabilities: Some 
of this group of suggestions ‘raises doubts in the writer’s mind; especially 
Principle (39). 4 ‘It is plainly within the engineer’s province to study care- 

fully any matters ¢ concerning physical conditions 1 relating to a project and to’ it 
inquire | into a contractor’s reputation for good work, judged | by past perform- 
ances. How : far an engineer should — pose as a financial expert is another 


matter. rtd not this plainly within the scope of the service which a surety 


Soc 
Loc. cit., p. 2448. 
t Loc. cit., p. 2455. 
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Messrs. J J OHN R. anp H. Foster. 


0! R. Freeman,t Past- Preswent, Am. ‘S00. E. letter) .{— -The 


“use of pumped storage on a very large scale was suggested about 1900 by ; the ie 


Tate J ulius M. Howells, M. Am. Soc. OC. E., as an important part of a develop- : 


about 200 miles 3 in length, of the | Western Power Company of California. 
Mr. Howells was an engineer of unusual creative imagination, as was prove 


ment of 50 000 to 100 000 h. -p. from the Feather ‘River | over a tranamisston | line — 


did ‘not receive the credit due him for his inventive in bein; 
the first. to apply the methods developed 5 in the hydraulic mines of California — 


to the building of earth dams. _ This method has now become 80 well 


established under s 
of as an invention which required great courage, as well as technical skill in its ‘ 


"methods, by an engineer © who made use of it in importan structures. The 


writer firm believes that Mr. was entitled to the credit for that 


» 


If financial back ers had possessed equal confidence and 
‘courage, Mr. Howells, long ago, , would have demonstrated this method 


/ pumped storage for electric developments on a grand scale. At the beginning 
Paes 


‘i of this ‘century | the United States was in the early stages éf' large s scale hydro -— 


- dectiie development, and it was not then so easy to find either capital: tor 2 


customers to absorb their r product. 


-  * This discussion (of the paper by W. W. K. Freeman, Assoc. M. Am, ee C. E., pub- 
lished in November, 1928, Proceedings, but not presented at any meeting of the Society), is 
printed in Proceedings in order that ak views <reery mee be brought before all members > 
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FOSTER ON PUMPED-STORAGE HYDEO- “ELECTRIC PLANTS» 
Calif., thereby obtaining the greatest postible « ec 


sion line nearly 200 miles in length and to utilize all surplus power in off- -peak 
ae hours for Pumping t the water into: a reservoir about 750° ft. above sea level and 
sq. mile in area, in the valley on the ‘northeasterly slope of Mt. ‘Tamalpais. 
Mr. Howells’ preliminary estimates assumed that the combined efficiencies 

of motor and pump would be about 70% during the storage period and that i in 


the p period of return the combined efficiency of the Pelton wheel and generator 


would also be about 70%, or or that, as a whole, about 50% of the power expended 


‘This pumped storage station also was to be largely relied on to take the 
‘dines of the steam reserve station near the terminus, ‘which, in those , days, was 


es considered an essential part of any long- distance transmission throug h rou gh 


gins “es was a fascinating proposition, but 20 or 25 years ago the time was 
not ripe for it. Moreover, at that time, ‘the efficiency of multi- -stage centrifugal 
pumps, 2 and of impulse wheels of the Pelton type, had ‘not become | so highly 


H. Aupen Fosrsr,* Assoc. M. Am. Soo. —An interesting 


exan aple of the use of pumped storage was involv in electric pro- 
a problems treated were rather unique, it is believed that the methods: used in 
solving them may | be of interest. The writer. does not claim any credit for 


originating the general scheme of development. described. 


“The total fall from A to Bi is 420) 


as on . the profile. Several were proposed ‘for the develop- 


_ ment of this head, one of which consisted of. building a dam across the river at 


to raise the water level to Elevation 1 300. At this. elevation, the water 
would overflow the main river valley into the water- shed of the » creek flowing 


from to E. second dam, therefore, was located at The resulting 


had a flow line at Elevation 1300 (Fig. 6 (a). From, D to ‘it was 
; ee proposed to build a tunnel, which would deliver - the water to a power ones 


at E, where the full head of 420 ft. could be utilized. 


ee The reservoir itself was to be used to regulate the flow of the river down 
‘stream from FE. The u use of the reservoir, however, was complicated by the 


} fact that, when the water. was. drawn down below Elevation 1 265, the lake 


pant 


divide into two parts, as indicated by the flow line shown in heavy 
_ ‘broken lines on the map. 1 ‘The water flowing into the reservoir from above A 
‘ was diverted into that part which ws was directly tributary to ‘the tunnel, through 
_ the canal, H, by a weir constructed across the river at B, the crest of this weir 
being at Elevation 1 265. The only way in which the water in that part | of the 
reservoir b between B and C could be diverted to the tunnel (when the reservoir 


_ was drawn down below Elevation 1 265) v was by p pumping. This was arranged 
by locating a pumping plant at G, which received the water ee the pipe 
a 


With Parsons, Klapp, Brinckerhoff & Douglas, York, | 
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"Section —The storage Elevation. 1265: This part of 


| 


wo 


direotly tributary to the tunnel : ie _ This volume of stored water can be dra 
upon whenever ‘the reservoir surface i is below Elevation 1 265. The minimu 


drawdown i is ‘to Elevation 1190 (see Fig. 


The 


au al 


af tthe ed 

Tunnel 


Section .— -The part of the 1 reservoir 1 1966, and lying 


when the reservoir surface is below Elevation 1 265 ; but it cannot be used by 
wer house mnless it is pumped into Section IT (Fig. 7 (@)). ne pe 


po 


The pumping ; plant would | operate sushi a a static head varying from zer zero to 


order capacity which the pumping plant should 
nass (Fig (b)) of the unregulated stream: flow was 


be designed, a mass curve 
"prepared, covering the dryest, period in the available records. At the left left of 


- this diagram, a vertical line, ¢ a, shows the three parts | of the total | storage, as 
already explained. bi A straight line, ¢ ab, is drawn tangent to the lowest hollov 
of the mass curve, ‘the slope | of this line being 1 1 400 cu. ft. per se sec. This repre- 
E sents the 1 maximum rate of flow, that can be maintained i in the : eh veto he 


E "power house ; if the total capacity of the » reservoir can be utilize 
2 There are > four methods of operation ‘illustrated by _ Fig. 7 (b): sake pump 
water from Section to Section, Ir after Section I has been discharged 


a without pumping, draw water - y da Section I at the rate of 1400 cu. ft: per sec 
at 1200 cu. ft. per sec.; (3) without pumping, 


and then from Secti 
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i Ns without pumping, draw water from Sections I and Ps at the rate of 1 372 


ite 
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I at’ ‘the 400 | ft arid (4) 
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By Method (1) ‘the 1 pumps would be operated their full capacity at all 
cer ‘times when ‘Storage II is below Elevation 1 265, in| order 1 to secure the greatest 
possible from the by increasing the « operating 
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FOSTER On: ED-STOR HYDR 


The sequence 


Storage I from a, and ‘Storages, IL and I together, from, dto b. 
section the-mass. curve is shown at an enlarged scale i in Fig. 7 (ce). oat b, 
lay: off Storages IL and I vertically upward. to the point, Frome, at 


distance, IL, above d, , draw a } Straight line. to the point, f. _ Then, the slope of ef 


will give ) the maximum 7 rate at t which water can be drawn through the tunne 


during low- water stages without using Storage III. ‘The difference between 
the slopes of ef. and ¢. ¢ will give the minimum discharge at which the pumping 
plant ‘must: operate in order to transfer a all of Storage ITI i to Storage 


during the period of time, Jd b, when Storage Ti is being drawn ‘upon by the 


power house. The ‘slope of e ef is 1 200 cu. ft. ‘per see. ; hence, the pumping 
| plan nt must “e designed for an average continuous Rg aaeceap of 200 cu. ft. per sec. 


Evidently, with this method of operation, the power house will have a con 


tinuous available draft of 1400 cu. ft. sec. , and the ‘three “parts ‘of the 


reservoir will be completely emptied at the of the dry period 
umping plant provided, the flow through the 


2 


By Method (2), w ith no pumping pla 
tunnel is reduced to 1: 200 0 cu. wt | per sec. precast reservoir surface is 
drawn down below Elevation 1 265. Storage II will then be entirely consumed 

by the end of the dry r period, : as in the case of Method a+: Se The primary flow 
at the power house is thus reduced from 1400 to 1200 cu. per sec., by 
omitting ‘the | pumping plant. The flow in the river. below tl 

howe ever, can be maintained at 1400 cu. ft. . per sec. ¢ at all times by discharging 
200 ) cu. ‘ft. per sec. . through the dam at C (Fig. 8) during the time ‘period, d 

The average flow through the » power house i is about (1382 cu. ft. per 5 sec. Hine 

By Method (3), the flow through the tunnel is maintained at 
per sec. during” the dry period until ‘Storages I and Il T are all consumed | 
(Point g on the | mass curve). From g ta to b, the tunnel flow will be reduced tc 
the: natural stream flow entering the reservoir - The flow in | the river below the 
power house can be maintained at 1400 cu. ft. per sec. during this period — 
by ‘discharging sufficient: water ‘through the dam at ive 
is By ‘Method (4) the discharge through the tunnel is maintained at 1 372° 
eu. ft. ft. per sec. | at all times (slope of of line, | cf, Fig. a ((b)), and no water i i 
“discharged. through 1 the dam at C; hence, , the regulated flow i in the 1 iver below 
the > power house is reduced from 1400 to 1872 cu. ft. per sec. o 


ens the first three methods, Storage 1 III would bet used during the dry 


i 
{ 
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REVS 


eriod; but under Method Storage Tit would never be used. 
relative. advantages of Methods (2), (3), and (4), are ‘not on 
the pumping plant; they are mentioned chiefly to illustrate ¢ an interesting use 
the mass diagram. Having determined wich of these methods of operation. 
is the most desirable, the economic oe n of the p pumping plant may 


‘ ‘power house, E, at any ‘other power houses fa d 


which may} be obtained by the use of. the pumpin pla n 
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motors 

4 

oF - (d) The difference between’ the « capacity y and energy increases of Procedure 
O) and those required i in Procedure (c) will represent the net increase of firm 


hour output by using ‘the pumping. plant. 
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“This is not responsible for any statement made or 
alaubivib 


ROAD SURFACING stadt todte OF 


ft 9 


odT Arruur R. Hirst, M. Am. Soc. C. E. 1st 


lt Yeq oF paillive nesd jom ved) bas 


R. Hirst,t M. Am. Soc. C. E.—The paper Kuellings is 
probably not just as the speaker might have written it. However, h s quite 


“qa 


sure that the figures an conclusions i in it are not as radical as they may appear 


‘The. speaker has. been familiar ‘the American highway problem s since 
the | Spring: of 1903 when n he first served with the Maryland Highway “Depart-— a 


‘ment. * It is one of the most astounding problems that engineers have ever 


faced. Iti is extremely un: fortunate, and, in fact, ‘it has be been almost fatal, that 


it has had to be 2 prosecuted i in an atmosphere which was ‘not “gonducive to the 


close engineering reasoning that Mr. _Kuelling’s discussion shows. To the 


speaker ‘it seems to be the most ‘interesting of all problems in the history « of 
the world, | That statement is made advisedly, 


: In 1928 probably 23 000 000 ‘motor vehicles will be 1 licensed { n America. 
i Undoubtedly, those vehicles will travel at the average rate of 3000 miles per 
Vehicle, or a total of 69 000 000 000 miles. As compared to these figures, both 


in ton- and passenger- miles, the total traffic on American railroads is 


a real consideration of this problem and some real hi 
could. save this. traffic 1 cent per mile, the annual saving - 


Shit 


in ‘1928 would be 


* This discussion (of the Symposium on Economic Comparisons | of Various Types of “ 
Road Surfacing, presented at the meeting of the Highway Division, New York, N. Y., | 
Jenuary 18, 1928, and published in November, 1928, Proceedings), is printed in Proceedings 
in order that the views expressed may be brought before all members for further discussion. 
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HIRST OF VARIOUS TYPES OF ROAD SURFACING [Pape 


$600 000 000, which, capitalis zed at 5%, represents principal sum that the ; 


speaker hesitates to mention. If engineers ¢ could save this traffic even 0.1 Leni 
‘per mile, the annual saving would be $69 000 000, which capitalized at 5% is 


imposit ng amount. The e investment | in. _ these vehicles i is probably 
$600 « each, or $18 000 ) 000000. - ‘The annual cost of operating them is probably 

‘more than one-half the total 4 OF eto lah 


The trouble in solving the problem has been,” and apparently always will | 


be, that two factors are involved: First ithe public cost: of the « construction 


and maintenance of. highway structures, which is quite well known and ‘is 
considered ‘appalling by the tax-paying public; and, “second, the total cost of 


mo motor vehicles to individuals, which is not generally recognized at all. 


‘his second cost is that which Mr. Kuelling dwells on. It is the speaker's 8 


experience that the average American citizen prefers to pay when, and 


he pleases, rather than have the) Government tell: him that he must give it 


+t 10 cents. ‘He has not believed— —althou gh many have | tried to impress the fact 
on public ta tax is the ‘smallest part of the co cost: of operating | 


Mr. states* that “users highways have advanced and are 
“caught up” ‘the 
traffic ten years later. The” hi engineer is not ‘at: . The t trouble 


is that the American ‘people have e not a at all realized the problems: 


this phase of transportation, an they have not been willing to pay the 


ne of ‘the most striking developments in the history of highways! % is die! 

- present tendency of the American public to turn, in an unprecedented ‘degree, 

to the construction of the larger bridges and tunnels rendered imperative by 

the demands of traffic. In order to pay for’ ‘are turning back 100 


years and more to the toll syste m because it has been fourid impossible to sell 


these directly to the public even when justified. can 
* be sold to bankers but not to the public." The speaker ‘ventures the prediction 
that Americans are about. to enter on the most tremendous era of ‘toll-road 


“construction in “the history of this country, simply because the | economics of 
the situation demand them. ody od oF 
The publie is unwilling and unable pay in mass'for what they will gladly 
pay on. the, installment plan, as they” gO, in the form of tolls. “In most ¢ cases, 


they, har have proved quite willing to pay in the Bork ‘of tolls’ ‘(gasoline ‘taxes, 
now in effect in forty- -five S tes) for pighway improvements.» ‘Gasoline taxes 


are ‘nothing else i in the world but a ‘return to. the old toll- gate > in a different 


form. He who uses the highway pays in proportion to that use. ares ae 
ta y America built the science of automotive engineering, and the story of its 
de 


building is one of the most wonderful of all times. “There are 23 000 000° motor 
vehicles on ‘American highways and with very’ few exceptions the fr ree; ed 


ready use of those vehicles is every ‘strangulated by. traffic ‘congestion—_ 


oe especially in the East. _ When a car, capable of going safely ¢ at “70 miles per 


* Proceedings, Am. Soc. C. E., November, 1928, and Discussions,” 2482. = 
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‘miles the machine has been deepite the fact the ‘States 


of New ‘York, New J ersey, Pennsylvania, Delaware, and ‘Maryland, and the 
District of ‘Columbia have spent millions in the Sonistruction: of their highways 


The traffic cannot move economically or swiftly, because 1 at ; almost every block 


there is a traffic officer or a red light. 
a Before highway engineers really solve this pro blem 


gested areas near and i in ‘the } principal centers of are going to 


‘i see , (within the next decade) a return to the toll system } in order to vee high 
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T0 THE ALLIED PROFESSIONS ENGAGED 
bk odt fo th IN CITY PLANNING | ‘od i 


ae 


pint end. Messrs. Harotp M. ‘Lewts, S. Hersert Hare. 

Harotp M. Lewis,t M Am. Soo. C. —No better example of the inter- 
- yelationship between professions i in City Planning can be found d than the ee 
of the New York Regional Plan, which was organized on on the assumption | that’ 


highest co-operative effort would be for 


< 


As 6 soon as groups of: were ‘put th. ‘Advisory 


were sented which architects, architects, a and 


‘aon to which they work has been 
‘through the medium of a staff made up of the heads of | each of the different 
Survey and Planning Groups, and under the guidance « of a General Director of 


modern city is complex that it cannot be planned by. 


principles of design and Many modern | communitie 
_ the HOG IOS of serious ailments which must be cured before they can grow 


require the assistance of many: other branches of endeavor. — The speaker, calls 
Bttention to just of such ailments; (a) The -called “vicious circle” 


the City discussion, Division, New York, N. Y., 18, 1928, and in Decem- 
ber, 1928, Proceedings), is printed in Proceedings in order that the views: expressed ma 
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re HARE on THE LANDSCAPE ARCHITECT AND CITY PLANN NING 


apid transit and new 


and character of urban growth. In the first « case, how can new lines be built 
according r to, the best.city y planning principles y en. the people demand them to 
be built crowded ‘areas and parallel to ‘lines already congested ? In 


yer 


the e second case, how can planners do away with blighted districts and the false 
“ii is obvious that such problems cannot be solved reithpyt the aid of many 


groups of both . professional and business men. 


Hareg,* Esq. letter). t+—It would probably be difficult to. 
‘of the value ‘specialization and | operation 


Shurtlef, seems, to be, an a of special: 


must 


profession hak become more or less special 
rticularly_ true of the field of 


engineering poet is true to a certain extent, already in the somewhat wager 
profession of landseape architecture. Therefore, co- operation must be 
ticed within the various professions ai as well as between professions. 
ace in the of from the problems 
designing parks and private estates through the | era of the development 
parkways and connected park systems ‘to the much broader problems ‘of ‘city 
planning which require much the same basic training as the simpler problems. 
he profession of Landscape Architecture , while utilizing knowledge from 
e, the fields of engineering, architecture, design, and horticulture, cannot be eg 


to be evolved from any’ one of these fields 3 it stands out as a distinct calling, 


from which the public has come to expect certain ‘definite results. Has the 
work of city planning come to recognized | as a distinct profession? | 
answer | is probably” “No”! It ig a name given to a field of endeavor which — 
normally. implies co-operation of several professions, the line of demarcation 
between the work of each being somewhat less fixed by the titles under which 
the various practitioners operate, than by their individual training, ‘experience, 
and natural ability. ‘One thing is certain, that in nearly all city planning 
problems, ‘the’ public is demanding more’ and more that proper attention ‘be 
given to the beauty as well as’ the utility of the result, and some one in ‘this 
scheme of ¢o- -operation must a assume that task. uti 
specialization implies co-operation, then co- opétiativn, in turn, implies 
"sympathetic understanding of the aims and ideals, if not of the technique, of 


various us fields “involved. ‘An engineer, architect, ora “Tandscape 


e most about the other. professions will ‘nt only 


- * Landscape Archt. and City Planner (Hare & Hare), Kansas City, os 
tReceived by the Secretary, January 19, , 1928. ody Yo) «ola 
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‘AMERICAN SOCIETY. OF ENGINEERS. 


: This Society is n not TPRORe Pe for any statement made or opinion expres 
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thi this 80 little has been left. to discuss. 


agrees entirely with Mr. Mathers 


U. S. Bureau of Public Roads has benefited co- >-operation 
with the Park “Service. In the beginning the personnel of the Burea 
“perhaps: a bit inclined to think too m much of economy in road construction and 


too little of scenic effects and t the preservation of the beauty of the country 
gh which the roads ran. Through the ‘National Park Service the 


u has contact with landscape engineers and -conse- 


the onde: built hereafter i in ties National Parks ‘and National Forests of the 

thy to 1904: Mr. Chucthill wes 

Br 3 speaker | hiss: a. great admiration for the work that the | Park Service 
8 doing. — Those who have visited the parks in the West will appreciate it. 7, 


Service is. and tos “scenes of that were hitherto 


‘National Park, and the road in Zion National Park, each which will 


"more than $1 000 000. The State of Arizona is “now building a bridge ‘across: 


a4 the Grand Canyon at Lee’s ‘Ferry which will change entirely the situation in 
that part of the United States. The impassable canyon that heretofore has 
cut off highway travel between the north and south and, some extent, 
‘2 between, the east and west, will be bridged at Lee’s Ferry, and a road will 


; ae the City Planning Division, New York, N. Y., January 18, “1928, ‘and published in Decem- 
ber, 1928, Proceedings), is printed in Proceedings in order that the views expressed may be 
brought before all members for further discussion. 
shee + Chf., Div. of Constr., U. S. Bureau of Public Roads, Washington, D. Cc. ‘sheer 
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NGINEERING APPLIED TO NATIONAL 


w from Flagstaff, ‘Ariz., to Zion National P k, Bryce 
* _ Canyon, and Salt Lake City , Utah. The speaker predicts that this road, in 


time, will be one of the heavy traffic roads of the West. _ me 


Mather: describes* the snow-removal prob lem. There has been a great 
7 E... deal of trouble in opening some of the passes through the Rocky Mountains 
; ee in the West in time for the traffic in ‘the’ spring. “ Great strides have been made 


since 1925, but snow removal work is’still a new problem in the parks. — <a a 
cr In the Western ‘States the best road surfacing i is obtained from fine crushed 


“rock or gravel; but | experience ve has taught the Bureau of ‘Public Roads that. 
must do something ‘to eliminate the d dust. which a Serious nuisance 
when the traffic increases. — . For that purpose a method has been developed of 


mixing a road oil i in oe which i is believed to be s something new in road build- 
ock road has been built and traffic-bound, it is scari- 


a <¢ to a depth of 2 or 3 in. ‘Then it is treated with just an ordinary fuel oil 


in two or three applications, the ‘harrows being run over it after each time : 


: blade machine is used to move the material back and forth | on the road until 


y 


it is thoroughly mixed, as indicated by the color of the mass. © After. mixing j 


in ban: manner the loose material is rs over the width to be 
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MEMOIR OF JOHN 


J ‘MEMOIRS OF DECEASED MEMBERS” 


JOHN CHARLES CHURCHILL, M. Am. Soc. C. E.* 


‘Lega ry, ree on Diep Aprit 19, 1928. 


“Charles Chur rchill at Osw ego, N. September 20, 
the second son of Judge John ©. Kathleen Sprague» Churchill 


s father was one of Oswego’: s leading citizens, having been a Representa- 
tive in ‘Congress and also >a Tustice of the “Supreme Court. He ‘received 


“ated, in 1878, from Tae College, Easton; Pa. with the degree ‘of Mining 


From March, 187 9, to J uly, 1881, “Mr. Oburchill was Surveyor ané and 


= for the Federal Government on harbor improvement work 


) 


- Lake Erie. During the remainder of 1881, ‘and until the end of 1884, he ‘was 


"Assistant Engineer for the Oregon ‘Railway and Navigation 


5 
4 


$e years in charge of the construction of bridges : and trestles, and of track 


laying on the Baker City Branch. af He returned to New York State i in 1885, 
and from May to October was in charge of harbor improvement work at Ogdens- 
burg, N.Y. - From October, 1885, to October 1886, he was Assistant Engineer 


on the ‘Rome, Watertown and Ogdensburg ‘Railroad, in. charge of the ‘con- 
struction of a ferry slip at ‘Ogdensburg, ‘and of construction work o on the : 
branch from Norwood to Massena, N. From October, "1886, 


- 1887, he was Assistant Engineer for the Federal Government ¢ on 1 various sur sur- 
for harbor improvements. in Northern New York and. Vermont th 


Angust, 1887, resigned from the | Government “service to enter the con 
_fracting business, continuing in this until J uly, 1889. ere, E 


From J uly, 1889, to J anuary, 1891, Mr. Churchill Engineer an 
‘leat to the Building ‘Superintendent on the construction | of the St. 


Lawrence State Hospital, at Ogdensburg. In 1892, he acted as City Engi- 


‘heer of “service “he designed and constructed the 


tbs 1892, he returned | $0 the Federal Giverhusent Service in charge of 


bor improvement ; work at Ogdensburg, continuing’ until. ag 
pay made - Assistant Engineer in charge of the St. Lawrence River 
improvement. From_ J anuary, 1896, July, 1898, was: in charge of 


tare 
examination and. surveys on ‘Lake Champlain, the St. “Lawrence River, and 


2 Lake Ontario, , having been also from J anudry to May, 1898, in charge « of Ri “x 
S. Engineer Office” at Oswego, Nz during the absence of the 
District Engineer. In July, 1898, the Oswego District was combined with 


Buffalo, Y., District, and “Mr. Churchill ‘was | given n charge of ‘the 
Oswego: Branch: Office, ‘in ‘which’ position he continued until it was again 
from the Buffalo District in in August, 1909. When the Dis- 
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aN ‘BYERS 
rict Office was ré- established (1600) became 
to the District Engineer, the District including all harbors on t 80 
shore. of Lake ‘Ontario and the. St. ‘Lawrence. River, May, 19 1913, “the 


Oswego District ‘was again combined with» the “Buffalo District, and Mr. 
‘Churchil § for the second time was made Assistant Engineer i in charge of “the 


4 Oswego Sub- Office, in which -eapacity he ¢o ‘continued to serve ‘until his death. e 


n addition to this ‘regular ‘service he was” employed in a consulting 


4 ‘eaie. as follows: By the. State of. New York : as Consulting Engineer. and 

at Expert. ‘Wit itness in matters pertaining to water power on the Oswego River ; 

5% and for a time. as ; Chairman of the Water Commission of ‘the City of Oswego. 


He also. served. as Fuel Administrator. of the City, of Oswego. during the 
World War. He had had. L epplied. fo for a of . the. Corps. of Engineers 


“members of family were | in some during ‘the war, his 


hree sons having been. in active service. 


Churchill served the Federal Government ‘on harbor improvement 
work for more t than thirty y-eight. y years, on. Lakes Erie, Ontario, and Cham- 
plain, and on ‘in ‘St, Lawrence River. He. designed and built many of the 

breakwaters | and piers' on Lake Ontari io and the § St. Lawrence River. Hi Lis 
knowledge regarding ‘the needs. of commerce on these lakes the 
character. and condition of all the structures the former: Oswego U. 
: Engine District ‘was very. and his was. on all projects 


of ‘He died at his home, in on, April 1998, and | is survived by 
his.w widow, Mary Beekman, Westbrook, three John Ww. "Churchill, 


‘Field, Va. a., Walter. Churchill, of ‘Salem, ‘Mase 

‘Churehill,. of White Plains, N. Y., and St. Petersburg, Fla.; 
and one sister, Mrs. RR. Fisher, of Oswego. nuinaiinos 
My, . Churchill one of -God’s noblemen. His kind and genial dis- 
position and splendid upright character won for him the 


all who were privileged to know him. In his business and professional rela- 


if 


tions he was held in the highest regard by all who were associated with him. > 
His City will miss his wise and judicial « counsel and the Federal Government B 
will feel the loss of a. valued and. able servant whose wisdom was always | sought 
all matters of policy and work, int:his Distriet. 


SOHN BYERS M. Am. Soc. C. E.* oitsinO 


18° He 
was | the « son of Edwin Ww vand Fanny Chick ‘Holbrook; both parents being 
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the Militery College, vat Chester, Pa., y which he was 
— 1802 with the degree of Civil 1893, he entered Cornell 


- the Alumni Association of his Chapter and was diligent in his efforts to £3 cu 


influence the young students in making t the most of their college life. 


.. Upon leaving college, Mr. Holbrook | spent five or six years in perfecting 7 
hi imself in steam power plant design and operation, by employment with various | 
companies; notably: the E. W. Bliss Company, Brooklyn, and the New 
Edison Company and the American Blower. Company of New York 

4 In 1901, h he began private practice as Consulting Engineer, specializing i in steam 
"power plants and heating and ventilating. designed and supervised. the 


oi installation of the power plants in many of the earlier skycrapers of down 

ey town New York, among which the Trinity Building, City Investing Building, v 
gS and Commercial Cable Building 2 are of importance. . Later, his work extended 
throughout the United: States and was marked by a thoroughness and con- 


scientious attention to detail that resulted in very successful installations. 


‘ot Mr. Holbrook served an enlistment of five 5 years in ‘Squadron A,’ New York 
National Guard: He always ‘maintained his interest in the Veteran Orgen- 
: ization and, in 1916, returned to active service 4 for ‘the duration of the a: : 
His p personality ‘was characterized by a rare 
which drew to him, and held continuously, an unusual number of loyal friends. 7 
was 0 on 3, 1908, to Blanche Vv. Mechan, of New York, 


nS ciety of Civil Engi- 
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David enney Howell was born in ‘Vas on n September 8 


Mie Howell early education in the 
Charlestown, and afterward attended Washington ‘and. Lee University, at 


His early experience—starting as Rodman and being promoted 
‘to Instrumentman and on railroad surveys: in 


His father was eng ercial banking for many years, and 
at the time of his death was the oldest living member ofthe Union League § 
. His son became associate th this Club o taining his ioritv. 
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‘resignation in 1887 to” enter private practice in ‘civil e engineering in 2 Washing. 


1890 to 1897 “Mr. Howell's } practice embraced the planning, surveys 
for, and superintendence of, the improvements of various suburban properties 
within the District of Columbia and the adjoining» “States. He was also 


4 vont a on surveys for and superintendence of the construction of the walks, 


canals in North Carolina. addition, he: iacted as. Chief Engineer: for 
the Washington, Alexandria, a and Mount Vernon Railway Company between 
and Alexandria, exclusive of electrical equipment. 


from "Albany to ‘Herkimer, N. Yo about 90 for ‘the “hip ‘canal 
from the Grea at Lakes to the ‘Atlantic Ocean to ‘the New York 


Governor of New ‘York State), making ‘estimates of ‘cost. ies ‘report. on the | 


enlarged Erie Canal, from Troy to Buffalo, N. Consulting Engineer to 
the New York State Engineer and Surveyor, Edward A. Bond, M. Am. Soe. 

eS) OC. E., in charge of ‘surveys, plans, estimates, and printed report to the New 


York State Legislature o on the enlargement of the canals of the State known as 
the Barge Canal, the estimated cost of which was: about $100 000 000 sur- 


veys plans, and specifications for the: water-works | ‘system, at Fultonville, 


N. Y., and surveys a nd plans. for r the devel opment of water power on the 
‘Shenandoah River above Harpers Ferry, ' Ww. Va., for the Shenandoah Electric 


‘Light: and Power Company ; to the late Ww. “Hodgdon,' Am. 


Howell also served as the Massachusetts River and Harbor 
Commission, on plans” and estimates of cost of locks on the Taunton River, 


Boston Ship Canal; report on improvements to water- works | system | at Frost- 


burg, Md.; electric railway surveys and report, Canandaigua, N. 'Y., to Lake 
; Ontario, 30 miles; ; the > planning and construction, as part owner, , under fran- 


tion of its operation until it was sold in 1911; the investigation and report on 


additional water supply for Bristol, ~Va., and the ‘preparation of plans for, 
and the of the construction of, a spring supply and 4 000 (000- 


Cumberland, Md.; bak full report ‘estimates of cost for 
dam and large | storage reservoir _ 54 aie of pipe line, and the purchase of 


as | Barcroft ; Dam and Reservoir ; lan 


chise ofthe water system and electric plant at Welch, W. 'Va., and the direc- 


erti 
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reservoir, at Va. report. on improvements for the 


F system, Washington County Water Company, ‘Hagerstown, Md. ; ; general report 
and appraisal of f plant, Alexandria W ater Company; surveys plans for a 


new mee and storage reservoir and pipe line, Charlottesville, Va.; surveys an 

ports on the sewerage system, ‘Laurel, and consultation bse report on 
n additional water supply and about 7 miles ‘oF | pipe line in Bristol, Va.-Tenn. 

From 1910 until 1918 Mr. Howell was was engaged in in the following work 

4 Surveys for the planning of and superintendence of the construction of surface 

a and underground improvements for the development of numerous suburban | 

properties in’ the District of Columbia, “Maryland, and Virginia all engineer- 

ing work and superintendence ‘of construction of "the Barcroft Dam and 


3 Reservoir for the Alexandria Water Company, the | dam’ being 500 ft. long, with © 
a maximum height of 70 ft., and the e reservoir storage being about 600 000 000 
al 3 and the investigation and report on a proposed storage dam for electric 


ve 


"power in Virginia and various valuations and reports on on water- works — 
Howell was made Manager of the Water: 

‘as such for ‘a period of about t wo years. His work 


with embraced plans | ‘for and "superintendence dine its filtratio 


a sewerage ‘system: the Town ‘of ‘Va.; ; and a com- 


Ss "plete report, with estimates of cost, for ¢ a water supply and sewerage system | for 


& 


Arlington County, Virginia, embracing about 380 sq. miles. %, inh 


cots During 1918 and 1919, Mr. Howell served as Supervising Engineer in the 
|‘ United § States Quartermaster Department, in n charge 0: of ‘surveys, plans, and the 


construction of surface and underground improvements at the Enlisted Men’ 8 


ae m the opening of his private offices in 1887 to the time of his death, he 


thal 


‘3 acted as Engineer for the larger real estate operators of ‘Washington, and i in 


adjoining States, and had full charge of planning and developing | many beauti- 


i On August 25, 1928, he was appointed, by Governor ‘Byrd of ‘Virginia, a : 
f "member of the Commission to confer with a similar Commission of the State _ 


E of Maryland for the purpose of settling a dispute which had arisen between 


n 1910, “he organized, ith his : son, Beaudric L. Howell, 
ra iis vr .E,, as Junior Member, the present firm of David J. Howell and ‘Son, of 


Washington. as an active member of “this” engineering firm 


until his death. Mr. ‘Howell suddenly of heart. while engaged in an 
‘inspection of. construction | wo on August 28, 1928. iG 


ta Mr. Howell was a member of the Water Works: Association, 


= Engineers, and was @ 


1887, he was to Mary M. with on 


it 
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HOWARD. GEORGE KELLEY [Memoirs 


HOWARD GEORGE KELLEY, 


Ala bow May 15, 1928, ofA to. 


George born Pa., on, January. 12 1858, 


On. leaving school. Mr. Kelley desired to follow v the lure of; sea, 
derived from the experiences, of. his, grandfather. and his father, 


both sea- -faring men, although. his father: i in middle. age had given up. his. shin 
become a merchant however, engaged to 


of “navigation .whigh he 


‘diversion., Bisa grandmother, had taken care of him in his youth, pre- 
vailed upon him to give up his sea- -faring proclivities | and he became -a.Land 


profes 
every y duty i in the ling; of his work. 
April, 1881, Mr. Kelley entered the service. of the .Northern Pacific 
Railway, Company. at ‘Tacoma, Washington Territory, on the original prelim-— 
4 inary and location surveys from Kalama, Washington Territory, to Portland, 
-Ore., running lines on both sides of the Columbia and. Willamette Rivers... He 
then, a joined, the crew on the preliminary and location surveys, from 
on Lake Pend’ Oreille, around. the north _and east. sides of the 


“uninhabited 


cei on. account of illness, Mr. Kelley. was placed in charge of the Party 
and completed. the work. to the Missoula River, including the bridge over 


Clarks Fork at that point, then known as the “Third | Crossing”... This work 
 imeluded t the design and construction of bridges, trestles, ‘viaduets, piers, ie 
abutments, : all built ‘of timber, and performed. by company forces. In. July, 
1888, he was transferred to the Kalama- Portland Division as Resident 
neer in charge of bridge construction. Later in the autumn, | he was put in 


charge of work on the Upper, Yakima River. for a about two months, ning: 
elie Kelley, was then | engage ed for several months i in making a survey of the 


Pacific Railway: were based... Subsequently he 1 was placed in 
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MEMOIR or HOWARD KELLEY 


engaged reconnaissance i in 

Laer in Idaho; on the western slopes of the Cascade Baxi in Washing- 

Territory; and the Olympic’ Mountains ‘south of ‘the of San 
uan de’ ‘Fuea, also in’ Washington Territory. work with ‘the Northern 

Pacific ‘Railway Company and allied service ‘covered a Period’ of four years, 

terminating! in’ the ‘spring of: 1885. to oni bi 

During the remainder of 1885, ‘and for the succeeding Kelley 

- engaged in mining, his Work’ ineluding nearly every job pertaining to a mine, 

also, learning the blacksmith trade, which resulted in his being» 


placed in charge of the ‘development of the ‘Mapleton and ‘Champion Mines’ : 


3 was Resident of Maintenance of 
tes 


"railway having’ been ¢ changed from narrow to standard gauge a 


er 
duties as Resident Engineer. ja tof boigag 


¥ original railway was ‘rebuilt, including all ‘tha’ bridges over the 


of 88 ft. below the. waetase of the water. This work eet. under contract, 
‘bat! completed by company ‘forces vunder’ Mr. Kelley’s s direction. During thi 

period the railway was being extended i in Missouri, Arkansas, “and 


spo 


Texas, to a total of 1228 miles, and on the completion ‘of the grading and 


track’ laying of these’ extensions, he’ took charge of ‘ned of the 


permanent structures and was appointed Chief Engineer. 
As Chief Engineer Mr. Kelley continued in direct charge of rear 
buildings; he’ “located and built the line from Delta to Grays Point, Mo., 
with” the yard and incline” at Grays! Point, also located the 
frst line ‘to the Mississippi River for a bridge ‘to “Thebes, Th; he ‘made the 
reconnaissance personally ‘and reported on the ‘terminal property required for 
the route to Dallas on which’ ‘the line was built; he also made several recon-— 
naissances in Texas and reports on other ies. ot. 19, 


valuation of the St. ‘Louis Southwestern’ “Railway ‘Company's prop- 
4 erties in Texas, aggregating ‘between 500 | and 600 miles, made under a Gendval a 
Order of ‘the State Railroad Commission, was carried out under his personal z 

irection and supervision. His services with this ‘through- 


arch 1, 1897, Mr. Kelley resigned his position to ‘become Chief Engi- 
nesr of the Minneapolis and St. Louis Railroad Company, being retained for 


: another year as Consulting Engineer for the St. Louis Sout 
é Company. _ As Chief Engineer of the Minneapolis | and St. Louis he had charg 


of maintenance, including bridges and buildings, real estate, and new constru 
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While in. the service of the: and St. joule Railroad 


Mr. Kelley made an examination and. report of, the, lowa Central Railway, 

about, 500. miles, and of the. Des: Moines and. Fort Dodge Railway, about, 139 
; miles, and on the basis of his report these lines were » acquired and became part 
of the Minneapolis and St. Louis System. A numberof important changes and 
extensions _ made, including reconstructio on for. improvement. in grades 
and alignment 0 on the n main line of this System, as 8 well. as on n the Towa Central 


"reconstruction. was performed ‘forces with the exception ‘of 15 
‘miles on the, Minneapolis and St, Louis. Railroad between. ‘Hopkins Junction 


and Chaska, Minn. and 7 miles on the Iowa Central: Railway which was done 
under contract. ih addition, there cation. and construction of 


tions lines. The valuation of these lines, made by order of 
“the ‘Minnesota Railroad and Warehouse Commission , was under Mr. Kelley’s 
direct Supervision. — Throughout the, work he had charge of the operation of 


the lines under construction. His services , with the Minneapolis and St. Louis 


continued for a period of nine years. us 


47 miles. After years in that position, in October, 1911, he 


made. Vice- President i in charge of operation, maintenance, and. construction. 


Six years slater, in October, 1917, he was elected President of the entire Grand 
‘Trunk System, the . Grand Trunk Pacific. Railway, and its ‘steamship lines, in 

all more than 8 000 miles of, railway. He also. served as Chairman of the 
: At Board of the Central Vermont Railway Coimpany, President of. the Toronto 


Terminal Company, and Director of the Chicago and Westérn Indiana Rail- 
a Toad ( Company, and the Belt Railway Company. of Chicago, which h positions he 
“retained until the Grand ‘Trunk Railway ‘System was. taken over and made 
of the Dominion of Canada Government Railways in 1922. iw 
gare Important among the noteworthy items accomplished during. this period of 
‘fifteen years _was a substantial improvement of the physical condition of the 
property and a very heavy increase in business; also. the reconstruction. of 
oa bridges over the St. ‘Lawrence and Niagara Rivers; the improvement. of grade 
Dat 
7 line and elimination of grade crossings from York through Toronto to Mimico, 4 
wl Ont., Canada; the: construction of the Union Station building, at Toron 0; 
the” climination of grade. crossings, covering several miles, at Detroit, 
Mich; the preliminary plans. for the abolition of grade crossings in the City of 
Que., Canada, covering more than “six ix miles . and in icluding three 
terminal yards and. the ‘preliminary plans for a new terminal ‘station; the 
plans and estimates for | an entirely new terminal for the Chicago and W eatern 
“Gan Railroad Company in Chicago, Ill.; th the ele ctrification of the St. 


miles of 2 new Tine 
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between Birch and Wybridge, 0 Ont., Canad: 18. 8 miles of ‘new line fro: 

Cass City to Bad Axe, Mich. 

i ‘The e valuation of the American lines under. orders from the Interstate Com- 


merce Commission, including. the lines, of the. Central Vermont. “Railroad 

Company, was diartell and subsequently carried on by | the ‘Valuation . Depart- 

ment of the Grand Trunk Railway System. The va 


aluation « of the entire 
Grand Trunk System, together with a a report or on its physical ¢ condition, was” 


made 4 in 1920 and 1921, in connection with ‘the a arbitration proceedings: under 


which ‘the property was ‘taken by the Dominion Government. “included 
all the owned and partly owned properties of the System ; the Grand Trunk 


IG 


ailway, American and Canadian Lines; the Grand Trunk ‘Pacific Railroad 


and Steamship Lines; the Central Vermont Railroad; the ‘Detroit Terminal 


Company ; the Toledo Terminal Company; the Detroit and Toledo Shore Line 


— : the Chicago and Western Indiana Railroad and Belt Railway of - 


Chicago; the Montreal Southern ‘Counties Railroad (Electric); ; the 
Oshawa Railway (Electric) the car ferries on ‘Lakes Michigan and Ontario; 


the Central: Vermont ‘Company Steamships; the | Grain 


Kelley’ 8 “ability,” energy, 
wid tireless attention to’ ce ergencies, was his success in directing the 


‘movement 0} of men, munitions, and supplies, ovcasioned by the World War. The 


record shows efficient and prompt movement of all traffic and, ‘further, that no By 
| ship assigned to transportation n overseas for Canada’s participation in the war 


was delayed more than 24 hours i in the whole 4- -year period. 
aod the close of his s services ) with the Grand Trunk System, he had planned ‘e 


Europe, but could put t that plan into effect Ke was | to ‘Boston, 


fora conference with of the J ams New England Railroad” 


‘that Committee which he served until November, 1993, the was 


‘The Joint New England Railroad Committee was composed of the Chair- 


men of six State Committees appointed in the six New England States by 


“their respective Governors. The members had been selected from among’ the 


sa and industrial situation and to report. on such study with recommendations 


for the future advancement of New England and for the conso 


lidation of 
railways. 


ii The work required a study of the manufacturing industrial situation of mies: 
England, the present and possible future markets, the transportation facilities 
- to reach such markets, the 2 various routes of distribution by rail, ocean, and 
lake, and the possible development the principal ocean ports. It also” 
Gindkeded an inspection, , study, and analysis of each of the several railroads of 
New England, their financial ‘structures, operating conditions, methods: and 
‘Tesults, maintenance, facilities, requirements, and the 2 probable effect on ‘them 
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I in Boston, Hartford, 
| ‘Providence, La Of New ‘Hampshire 
a book of 834 pages, ‘supplemented by maps and charts, but the actual data exter 
assembled filled several thousan pages.* | 
June ‘until late. in November, 1924, Mr. Kelley ‘engaged upon 
an analysis a and report covering the. location, construction, operation, value, BL thre 


f the Vi a R ilw Com an ether with its 


branches and terminal properties. This study included a review of 
‘this property from its inception to date (1902 to 1924) and covered the original t with 
location, operating grades secured, character of country. traversed, type an 
character. construction, conditions under which. “construction had | been con- 

: du ted, the motive power and equipment, the operating results. throughout the Cal 
"period of its the business, past, present, and prospective, available 
traffic and, finally, the earning power and value of the railway, 


= 


i=] 


| ay This 3 was s supplemented during the months of October and | November, 1925, 


‘re- arrangement of the data ¢ontained in in the report of 1924 for direct er 
testimony, presentec in, hearing before the Bureau of Valuation of the Inter- 
state Commerce ‘Commnineion in connection with the valuation. case of the Vir on 
In November, 1925, within a week after the completion of the ‘Virginian ~ bus 
ie hearing, Mr. _ Kelley left New York City to go to Russia to make an examina- Ch 
_ tion of two railways in Southern Russia, aggregating more than 8.000 miles. Ban 


Or 


engine terminals, shop, facilities, station and. ind all ‘other 
physical elements; an analysis of operating performances and statistics cover- 
ing the period of years after, the World War. and for several years prior to ‘the 
war; an estimate for the. completion of the rehabilitation work undertaken by 
the Russian Government and the requirements for increasing the capacity vere 


extending the lines of these two railways to properly serve the coal , iron ore, 


a manganese mines and the several steel plants in the Ukraine Province. J R 

ris It also included the examination of the seaports on the Black’ Sea. Nearly “ 

three months were required to complete the inspection and’ to obtain’ the 4 tit 
desired data in Russia.’ A: report: or on the project was compiled after Mr. Kelley’s 


New York City and completed in June, 1926. adie pit 
‘et During August : and September, | 1926, ‘an analysis and report: were “made of . 


the Buffalo, Rochester and Pittsburgh Railroad Company, which: report was 


— used in . the testimony presented before ‘the Interstate ‘Commerce ‘Commission 
in connection with the’ hearing relating to ‘the Proposed Tease” 


part of the Loree project fin line from New City 


hee May 20, 1927, ‘Mr. Kelley ag again fi sailed from New York City, t his time 


es ‘to make a dtedy ‘and an analysis of ‘the State Railways” of the Kingdom of 


nania their location, physical condition, equipment, 


‘Roumania, 
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‘months was occupied in a report on. whe 
completed in December, 1927, at Omaha, Nebr, Subsequently, che was 


to New York (J anuary, 1928) for discussion and conferences in connection — 


with both the Russian and Roumanian work. % Concluding | his stay in New 
“York, he went to I his home in Dallas, | Tex., to attend to an accumulation o 


- matters relating to his personal affairs and in April; 1928, went to San Diego 
for rest and r recreation Division Enyneot 


a ‘His p lans at that time were made in expectation of further service in con-— 


“nection with the two foreign projects, and he anticipated returning to Europe 


some time during Ji une or J uly, 1928, to continue the investightions and. con- 
ferences, incident to the negotiations with the two. Governments; but , fat 


t bourne rom which no man return 


Kelley was affiliated - with numerous religious, fraternal, 

business organizations, including the Protestant Episcopal Church and th 
Church of England; the Masonic the Mount. Royal. Club; the Forest 


a and Stream and Mt. Bruno ‘Country Clubs. (Montreal) ; the New York Yach 


4 Club. (New York City), the Congressional, Country Club. (Washington, D. 
He was @ a member’ of the Executive of the ‘Railwa 


Association of Railway. Executives from ite until. retired 
the Grand Trunk System; the Committee on Relations (now Section V) of th 


_ American Railway Association from 1911. ‘to 1921, ‘inclusive ; the Per Diem — 


Rules Arbitration Committee (one of five members); ; the American Railway 
: Engineering Association, of which he was President fox two years; the Institi 


- tion of ‘Civil Engineers, of Letidoni,: England; the Canadian Institute of Civil 


Engineers; and a Director of the Trust Company cof Canada, from 1917 

So Mr. Kelley was | married in 1897 to Cora Lingo, of Denison, Tex., 

x vives him. . He is also survived by two brothers, Walter S. . Kelley, of Wheeling, 

‘ wiv a., and He mry Kelley, of Big Spring, Tex.; and one sister, Mrs. Edith — 
Homan, ‘of Oklahoma City, Okla sion Bled 


RT: The passing of Howard G. Kelley is a grievous loss and he is mourned by 


~ tHlaiiggsl His character and personality were of the ‘highest type, his ability 


_ recognized by all, and his energy and thoroughness known to ‘those with whom a 


he came in éontact: ‘honored and respected as was his due. to. 


‘Kindly and considerate, appreciative and generous, with that’ under-— 
conditions personal temperament affecting those who worked 


ays ready t to li ten and to give “sound ‘cor nsel. ‘to 


methods and results, and, car 150 miles of second track; The work invol 
in. or 6888 miles, including | properties, the obtaining of data on 
‘and detailed. inspe tion, of, the physical he rehabilitation and = 
detailed insp ults, and an estimate for t aiding 
lired ting, performances, and result raft requirements of Roumania, inclu 
data sions to serve ‘properly rted within and throughout that country. 
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MEMOIR OF EMTEE LOW 


very 


ompanion’ in every ‘phase 


life--thesa are a few of attributes which he possessed. 

ee is power of ana ysis and his soun ju ment were accepted i in determining 

methods and rules for guidance in the successful direction and advancement 

3 of transportation affairs by the owners and executives of the railways of the 

4 United States tes and | Canada. His capacity ‘for work seemed almost unlimited 

and his * ehidobia! in the railroad an nd business wo world ‘are proof ‘of his motto, 

Mr. ‘Kelley: Wis‘ de" the Ameri¢an® Society of Civil Bngi- 

Sx EMILE LOW, M - Am. Soe. C. 


‘ile Low, the son of Sigismund Was 
born on en 2, 1854, in Pittsburgh, Pa. His father was a graduate of the 
Germany, and was one of the wanders 
of the Pittsburgh t 
school and, later, i in the of Pittsburgh. 


first professional work was done in 1869 in conn ‘the: ‘sur- 


: ea of the e Monongahela Valley Railroad. In 1870, he was engaged on vom 
surveys: for the Western Extension of the Pittsburgh and Connellsville Rail- 
"road (now a part of the Baltimore and Ohio Railroad), of of which his father was 

‘Engineer in Charge ; and during 1870 and 1871, he employed on 

struction work for the Cumberland, Md., extension of the same line. — a 
i _ Subsequently, Mr. Low became Assistant on | the Hiland Avenue Reservoir 
187 6, he served as City he was connected 
: with the survey of the Pittsburgh and Lake Erie Railroad Bridge across the a 
Ohio River. Later, he entered the service of the Pittsburgh, Castle Shannon, 


and Washington ‘Railroad Company as Principal Assistant: Engineer; this 
ailroad absorbed by the Baltimore and Railroad 


In the fall of 1879, ‘Mr. Low) was appointed Engineer of ‘Construction and 


and, later, became Chief Engineer. This railrdad,: also, became ax of 
Baltimore and Ohio Railroad. i. He remained with the Company until Match, 


188 31, when his father was appointed in | Charge e of the Met 


parti 
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his engineering career, Mr. Low encountered many dangerous situa- 
cularly that experienced in a silver mine in Mexico where he barely 
Memoir prepared by H. J. March, L. L. Davis, and S. T. 
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Upon. return ‘the United States, 


Company with which he. remained “until thé latter ‘part of 1884. Early, in 
he served as Assistant with the. Railroad Com- 
pany of of Pittsburgh, which position he retained until ‘March, 1885, when is 
was made ‘Locating Engineer of the Pennsylvania. (Schuylkill Division) Rail- 


road. In December, 1886, he made . the remarkable location of a mountain 


line, 20 miles long, in 10 days during winter weather, between Delano and 


In 1887, Mr. . Low was appointed Locating Engineer of the Norfolk and 


Western Railroad. t Subsequently, he became Division ‘and Engineer 


occasion at a to most highly the accuracy 


and thoroughness of Mr. Low’s work. He stressed the thought that a great 


"many engineers like Mr. Low, spend their lives in obscure sections of the 
- eountry and in consequence nothing praiseworthy i is heard of them; therefore, e 


- when opportunity presents itself for commendation, it should be prea freely. 
Mr. Low’s connection with the Mathieson Alkali Works terminated in 1896, — 


he became associated with Thomas Ww. of 


for a canal from the Great Lakes to the Hudson River.* 


a 


From 1897 to 1903, Mr. Low vy was Resident United States Assistant Engi- 
“meer, in charge of the building of the Buffalo Breakwater under the browne 


for the presentation of a ‘paper deseribing this t ow firs 


Mr. Low continued as U.S. Assistant: Engineer until Ju une 1, 1904, a fter 
which he y was in n the s service of the State | of New: ‘York as Resident ‘Engineer 


three-year furlough from the Ss. While he was 
engaged in this work which ‘involved some engineering 


drill Borings in ithe New York State Canal? and another, “Hydraulic 
_ Dredging on New York State ‘Barge Canal”. § On April 1, 1907, Mr. Low * 
re-entered the Federal Service as “Assistant Engineer at Buffalo, where 
: he remained until his retirement in in April, 1924, having served under the fol 
lowing officers of the Corps of Engineers, U. 8. Army: Ool. 


Fisk, Ool. J. G. Warren, M. Am. Soc. C. E., Maj. L. V. Frazier, Col. 
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mith, M, Am. ‘Soc. Maj. “William E: R. Cov iil; ‘and’ Maj. MA 
Reinecke, M. _ Am. Soe. C. E th ¥ 
out th 

provel 

Assist 


rs his remarkable professional attainments: He was an indefatigable ‘worker i in positi 
every engineering pursuit which he followed.” In this) respect he: an moval 
exemplary character for so many engineers. who take joy service for their Kana 


fellow men and. their country and who contribute of their energy . of:mind § wW 


body, and soul, as it were, with little or no personal reward. face. 

bedi Low was elected a a i Member of the American Society of Civil Engineers tinuo 

ADDISON MOFFAT SCOTT, M. Am. 800.0.) 


ae" Rie When he was about sixteen, and. for several years thereafter, he attended 
me ha Ithaca Academy, at Ithaca, N: Xs) directing his studies in large part to 
mathematics and ‘surveying. wo" _ While attending the e Academy, h he usually taught 


In the spring of 1866 Mr. Scott made a trip to the Northwest. aud at, St 
‘Paul, Minn. joined a party then. organizing under Gen. G. K. Warren, U.S 
; ~ Corps of Engineers, for a survey of the Upper ‘Mississippi. River. On th 
be x disbanding of this party at St. Louis, Mo., late i in 1866, Mr. Séoth. gelato’ 
home and renewed his studies at the Academy. While he was attend- 
ing school in the fall of 1867, General ‘Warren offered him a position a as ) As- 
hg sistant ; Engineer on the. improvement of the Upper Mississippi, which was 


x ‘then i in progress. He accepted this position with much h hesitation, as it inter- 
= fered with his plan of study, which included a course at college. He. remained 
this work for s several years, having been employed the latter three years 
re of ithe time, as Assistant Engineer on the. construction of a large railroad the 
and hi highway bridge built by the United States Government across the Missis- Ban 
sippi River, between 1 Rock ‘Islan nd, Il, and Davenport, Towa. He was active 
in this work from the first survey for, tm location of the bridge until its com- “cot 
. : _ pletion in the spring of 1873. On the completion of the bridge, General. War- B ma 
‘ren, who had been transferred to th the East with headquarters at Newport, I, 
- tendered Mr. Scott a . position under him there. ‘This would have been accepted 


‘that year, 1873, the United States undertook the 
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of the late Onl. William E, Merrill, U. 8. Corps of Engineers, 
M. Am. Soe. E., with headquarters at Cincinnati, Ohio. Mr. | Scott was 
‘placed i in local charge of this work, residing at. Charleston, 1 W. Va. - Throug 

out the several changes. that took place in, the organization of the river im- 
provement force, Mr. Scott was continuously retained in his, position as Chief 
Assistant or Resident. Engineer. During his. long. service, there, he devoted 
himself with persevering zeal and energy to the duties. of his professional 
position, 2 mastering thoroughly the theory and practical details of the Chanoine © 
movable » dams, which the Government, adopted in t the,improvement of the sree 3 


Kanawha ‘River. ‘The movable dams i in America were ‘built in n th is 


nent until the fall of 1901, when he resigned, sstablishing a record of 
“tinuous service of. more than. 28 years on that work and of | 34 3 years as Civil & 


‘Engineer in the United States Corps. of Engineers, _ A reference to his pro- 
fessional service should n ‘not. omit the following tribute paid to him by a dis- 


ROQIA 
‘tinguished Engineer Officer, the late | en. William P. Craighill, ‘Past- Presi- 


Soc, C. BE, under whom he served for 21 years, a 


more Division of River Harbor Works, w which 
Improvement, in 1895, when promoted to to the highest, office . in his “Corps, the 
Chief of Engineers of the, Army: n an article 9p, Me, Kanawha Improve- 


| also to call attention in the most.emphatic way to another mem- 
her of the American Society of Civil Engineers, who has for more than twent 


five years been con nected with this important t improvement v which has be 


most suécéessful from a commercial as well as an engineering standpoint. I 
refer to Mr. A. M. Scott, who was principal ' Engineer on this work when a 


the present time when it is conduct of the work hes; howe, 
most economical, wise. and. excellent in every, way. . Mr. “Scott, exhibited 
an unusual degree | of skill asa designing ‘and ‘constructing engineer, in the 
management of the improvement and in dealing with the many ‘perplexing 
problems: which have presented themselves for ablation’ in its progress. To 
him is due, more than to any other person, the success of this work. I say 
what I know, and it. gives sincere Pleasure, thus to bear record to the merit of 


cand kind regards of superior officers. his profession | he achieved a an. enviable 
reputation for. capacity, skill, executive. ability. dn his. general inter- 
Course p the public: Mr. Scott was a, modest, unassuming, courteous gentle- 


At. ime, was Vice-P: -President. of the Charleston Chamber of 


Commerce ; he was a a Mason of long standing—Past High Priest of Royal 
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terian Chureh of Charleston was its of | uses, 
though never prominent in politics, Mr. Scott took a . real interest in all public 
matters. He was a life-long Democrat. eidt to 


He ‘was married in 1907 to Florence L. J eroloman, a " ddaghter of J udge 


John J Fercloman,) of New York ‘City, who survives hi ai | 


ae Mr. Scott was elected a “Member of the American Society of Civil ‘Ret ] 


HIRAM ELLSWORTH BALDWIN, Assoc. M. Am. Soc. C. 


ani Ellsworth Baldwin was born in Youngstown, ey 2, 1862, 
the son of George Simeon Baldwin pid “Hannah (Grey) Bald dwn” Both 


parents were _ Sturdy American pioneer stock and spent their lives in 


Youngstown and ‘the neighboring town of Niles, Ohio. “to 


3 Mr. Baldwin’s early education was obtained in he public ‘schools of Niles. 


f following his steadfast boyhood desire for an engineering training, he entered 


| 


the “Massachusetts Institute of Technology, graduating therefrom in the Class 
of 1890 with the degree of Bachelor of Sciencen 


Immediately following his graduation, he secured employment with “The 


Brown Hoisting ; Machinery ( Company, of Cleveland, Ohio. His choice « of this 


y —— deliberate on one, as he was 3 greatly impressed with the ‘develop- 


a aa ments then being carried on in machinery for the handling of ore and coal by 
Mr. . Alexander E. Brown, the inventor. Mr. Brown had drawn around him a 

“brillian staff of young many of whom were to make names: for 


A the 


Office ‘and his advance. wed rapid. _ While with this Company he not “only 


Games alte idid success in the office, but also was sent ‘on important engi- 
_ ‘heering and erection work in Europe | ‘as well as in the United States. — An 


“especially notable accomplishment was the installation, under his ‘direction, 
of the 10 100-ton capacity, balanced | crane on the He reules, af the U, S. Navy, Pn 
the largest floating crane at that time. wilt Ged) a} 
rik He was appointed Chief Engineer 0 of Special Work by The Brown Hoist- Ine 

ie its Machinery Company, and under his supervision came many developments. Co: 
in machinery for the rapid and economical handling of f ore, , coal, limestone, = 
and other materials. Furnace hoists, bins, larries, locomotive cranes, over- 
cranes, trollies, -ete., were also designed and developed. 
Mr. Baldwin left The Brown Hoisting and Machinery Company in 1908, 

: a and became identified as Chief Engineer with The Variety Iron Works Com- § 
pany, of Cleveland, Ohio. In this capacity, his work was of a ‘most varied Dr 


eat haracter, including the > design of furnace hoists, open- -hearth furnaces, ore 
and coal bins, 1s well as general structural steel work. 
LB. During the World War period he ‘was instrumental in designing a 
building much important work for the United States Army and Navy, o 
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blie to become Chief ‘Engineer of The Brown ‘Hoisting Machinery Company, 
sf with which he ‘remained tntil ill health compelled him to resign. His death 
occurred on April 16, (19275, interment was at his ‘boyhood home in Niles. 
in ie & Mr. Baldwin was matried on September 19, 1893; he had thrée children, 
= girl and two boys. One killed i in action i i n the Argonne during 
‘the World. War. Mr. Baldwin’s widow, ‘two _children,: and a a sister, Lida F. 


member of ‘he Cleveland Engineering Society, the National 


nh 4 - Aeronautic Association, the Cleveland Chamber o of Commerce, and the Chagrin 
| He had a strong and. forceful character, and was beloved by. his. friends” 
_ ff and respected: by all with whom he came in contact. _ His was a keen and 


analytical, mind, and his work in his chosen profession was : always 9 well done 


and frequently most, brilliant. loss i is a distinct one, go. sean 
me Baldwin was elected an ‘Associate Member of the American Society 
ive aM to gartge ody ai yolls at abookt 

ROBERT, WAITE DAVIS, Assoc. M, Am. Soc. C. E.* 


Robert. Waite Davis, the son of Thomas Burt and Alice Elizabeth (Finch) 


& 


‘Davis, was born i in Wartrace, Tenn., on January 16, 1890, of 
He was educated in the public and later attended and was graduated 
‘ta from the Branham- Hughes Military Academy, at Spring Hill, Tenn., in 1906. 

worked | for several years be before entering me University of Ten 

‘ Mr. Davis began his engineering career in 1907 as Rodms Chainm 1 
te, on land survers. From March, 1909, to January, 190, be wat 

yed as Surveyor, Rodman, Concrete Inspector and Tester on lock a nd 

ord dam construction for ‘the War Department, | Engineer Offic rom 

January to Se tember, 1910, he was Assistant to the Construction Foreman 
Instrumentman, and Matérisl Chaser on pla nt construction for ‘the Tent 
p an construction or e ennessee 


mee - Coal, Tron and Railroad Company. In 1915, he returned to that Company as 


Instrumentman and ‘Temporary Chief of Party on ‘mineral land surveys. 


In “December, 1915, Mr. Davis accepted a position with the Nashville, 

"Bf Chattanooga and St. Louis Railroad Company as Office Assistant to the Loca- 

908, tion Engineer, also acting gas ‘Draftsman, Computer, « etc. e held this positior 

until: September, 1916. _From | une to Septembe iber, 1917, he was engaged as 

sted Draftsman. in the office, of the Louisville and Nashville Railroad Company 


Tn the fall of 1917 and spring of 1918 Mr. avis “his 
en iversity of Tennessee ar and immediately upon his graduation’ in June, 


1918, e joined the U. ‘Coast Guard and, later, was transferred to the Engi 

Officers’ “Training Camp, at t Camp Humphreys, ‘Virginia, where re- 


N. B. Lant, M. Am. Soc. C. 
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WAITE DAVIS 
‘mained until the Armistice, was signed. He. was honorably discharged rom 


the Service in December, 1918. aa bas 190.00 


to the ‘United States. ‘In January, he again went to 

‘i ‘il October of that year, acted as Resident Engineer and ‘Locating 
-Engineer on railroad construction and location for. the Cuyamel Bruit 


a “After M Mr. Davis returned to the United States i in October, 1920, he accepted 


a position as Resident Engineer on highway construction with 1 the’ Louisiana 


‘Highway ‘Commission: | His first assignment was on the construction of the 


7 Federal Aid Highwa between Covington ‘and Slidell, Ta. This project was 


neer on the Evelyn-Mansfield Which v was in 1922." Each 


of these two projects involved grading, drainage, structures, and gravel | sur- 

r facing on approximately twenty-five miles of highway. After the disastrous | 

- floods 4 in { the Mississippi Vv alley in the spri spring of 1922, Mr. Davis was sent to 

Poydras, La., a short distance below New ‘Orléans, Where ‘the ax and high- 
way had been destroyed by the Poydras Crevasse. He superintended the 
"1 rebittaing of the highway a at ‘this location, the work being < done on a day-labor 
basis and under gréatdifficultty, due to the wet weather and heavy traffic, 
Due’ to “exposure ‘at Poydras, Mr. Davis suffered a recurrence, of 
ae fever whic ch he. had contracted in Hor nduras. As a result of this he ‘spent 


sev eral months in, ‘the fall of 1929 at ‘Hot Springs, _Ark., trying. to. regain 


ealth. In November, 1922, after recoverin his strength somewhat, 


he returned the Louisiana. Highway Commission, at -Ronge, and 


Worked in, the Checker and _Computer during th e winter, In, the 


_— Spring of 1928, he asked t to be placed on construction work on and was sent 


to Slidell, ‘as ; Resident Engineer ¢ on the Federal Aid Highway project, extend- 


i: ing. from Rigolets, to Slidell. and from, Pear] ‘River Station, to ‘the 
5, Mississippi. State line. ‘Bach of. ‘these sections. was approximate y six ‘miles 


_ long. The work at ‘Slidell required Mr. es to be.i in the swamps and marshes 
practically every. day, both sections of this road | being through + a virgin country 


a - without a trail of any kind over which to drive. Considerable relocation was 


an necessary. on the northern section, from Pearl River to. the ‘Mississippi State 


line, and this was all carried on with dispatch and accuracy, in the spring 


a 1925, p RIM were ‘let for the bridges over the East Pearl and ‘West Pearl 
cs Rivers, ‘and as the highway construction which Mr. Davis had in charge was 
rapidly "approaching completion, he was given charge of the | construction 


these | two bridges, both of which were steel truss bridges on concrete ‘Piers. 


Mr. Davis in of the highway and | bridge construction 
ue to ill health he was unable. to continue 

at Slidell several months before 

to where he died of a combination of trop dis- 


per S199 
eases and inflammatory rheumatism on | November 1997. 
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ission to his fellow employees. sof of b ay af 
‘was a’ member of the Slidell’ ‘Lodge ‘Mason ‘of 
Geographical ‘Society.’ Although he was not affiliated’ with any church, Mr: 


Davis had a strong Christian character and high ‘moral standards. 


to He ‘was married in 1924, ‘to Constance Osborne, who, ‘with! one child, a 
daughter, is now living in Louisville. ailt on? oil 0 


Mr: Davis was elected an Associate Member of the: ‘American Society of 


WwW PENDLETON Afliliate, Am, C. E,* ett 

William P endleton | Palmer, t the son of James, Stew art anc d Eleanor  Pendl 
‘ton (M fason)_ Palmer, was born in Pittsburgh, Pa., on June 1861. His 


father: was a Captain i in the 155th. Regiment of V Virginia and died during - the 


Civil War. His mother ¥ was @ descendant of an old ‘Colonial ‘family. 
After « completing a four years’ ‘course. which included Mechanical Draft, 


attr 


he was from the Pittsburgh ( Central High School i in 1878. Sub- 


Mi 


positions, as well ; as ‘that 0 of Traveling Salesman. 


q On “May 27, 1881, Mr. ‘Palmer began his « ser 
Company, which, ‘on J anuary 1, 1886, was absorbed Carn 


and Company, Limited. ‘In July, 1892, the latter Company was with 
- the Carnegie Steel Company, Limited, and, with these various Carnegie inter 
es Mr. Palmer occupied, successively, the positions of Draftsman, ‘Traveling 
Salesman, Secretary, , General Sales Agent, and Assistant to the President. _ 
1896, he resigned from the latter: position to accept an appointment as 
"Second Vice-President of the Tlinois Steel: Company, i in Chicago, Til. When 
the “American Steel and Wire ‘Company of New J ersey was organized, on 
J anuary 18, 1899, he became | a Director and General Manager of that Com 
pany. On May 9, 1900, Mr. Palmer was elected President of the oe 
Steel and Wire Company and held this position until his death. 
Mr. Palme was 
3 made a Director of the United States Steel Corporation in 1922, was re- 
% elected in 1924 and 1927. He likewise acted as a Director of the 
= Coke ‘Company and. of the Cleveland Trust Company, and was a Trustee of the 
Lakeside ‘Hospital, Case Library, ‘and Oberlin College. He was a member of 
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EMO oF. WIL AM PENDLETON P LMER 


Mr. Palmer hed : a for historival literature. He | from 
ow Seorioms ‘sources all that is known of the wire industry. . a This information, in 
the form of written data, together | with exhibits of “machinery. used. i n the 
industry, forms a notable collection known as the Industrial Museum of the 


‘American Steel and Wire Company, located at Worcester, Mass. bra 
_ It was also Mr. Palmer’ 8 pleasure to collect historical data and Americans 


bo oks, maps, _manuscripts,, photographs, both Union ion a 

Confederate, relating to the Civil War, ‘Abraham Lincoln; and slavery. 
ey believed to be the largest in the country outside the Library of 
_ Congress, he presented to the Western Reserve * Historical, Society of Cleveland. 


‘Palmer was. married on July 24, 1898, to Mary Boleyn Adams, of 


Chicago, who, with a daughter, Mrs. William Chisholm Il, anda William 
e0 He had served as President of the Western Reserve Historical ‘Society since 
1913 and was a a member of the following societies and ¢ -elubs; ‘The ‘Engineers 
- Society « of We estern Pennsylyania ; the Cleveland Chamber of Commerce ; The | 
Chamber of Commerce of the United States; the e Society of Colonial ‘Wars; the & 4 
American Antiquarian Society; the Military Order of the “Loyal Legion; 
the Union Club; the Rowfant Club; the Cleveland Country Club; the Tavern 
Club; the Mayfield Club; “the Kirtland ‘Club; and the ‘Chagrin Valley 
int Club of Cleveland; the Duquesne Ofub and ‘the Pittsburgh Club, of 
the Chicago Club, of Chicago, and the Engineers’ Club 
#% ae India’ House, of New York, N. egg the Worcester Club and the Rufus 
‘Society, of Worcester, Mass.; and the M Fish and Game Cor 
Pap Palmer v was s elected a an Affliate of the Onsiarieakh Society of Civil Engi- 
ivedO bas et 
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